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OF THE SMITHSONIAN INSTITUTION FOR 
THE YEAR ENDING JUNE 30, 1937 
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the meetings of the Ctoard of Regexi le. 

Report of the executive cojumiltco of the Board of Rc^rentSp 
exhibiting liio ftnanclal aJTiiiiia of tlto Inatituiiijni including a aiatc- 
zneiii of the Stuitliimiuari fund, and rceeipta and expenditures for 
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REPORT OF THE SECRETARY OF THE 
SlvUTHSONlAN INSTITUTION 

C. G. ABBOT 

FOB THE YE^VB EXDED JIJXE 30, 1037 

ih^ lioixni 0/ of Sf/tith^oru^n Iwtituiio7k* 

tiENTT-jLOT.N r 1 havQ tho honor to submit herewith my ixsptirt allow¬ 
ing lltc ociivitiiiNi utid condition oi tho Sutitli^oidmi Institution and 
I ho Gov'oninicjii bia^nuH under ita itdmimstmtlv^ dmrge during llui 
fiscal year endoil Juriu SOj 1937, TJto JJret S-l |uigea eonUin a Ri»m- 
mary acccjiint ol tUa iLffairs of iho Inatilutiot^ and appendixes I to 
10 give more diHailtHl wi[Xirta of tlic oiHimtions of the Natioiml Mu- 
seucoHt the Kational ColJoclion of Fine Arta^ tho Freer Gallory of 
Alt, the Bureau of American Ethnology, the Internationa) Ex- 
ebaugeSj the Natiuua! Zoological Tart, the Astrophysical Observa- 
lory^ tbfl Dirisiou of lladnilinn and Organisms, the Smiltigonian 
llbrsri', and of Um publieatiorw issued under the directioii of the 
IiistitiiUutu On pugv 119 iarliefimnciul r«f>nH of «hp cxmdivM rom- 
luittee of tlie Ilfmftl of Kegonte, 

OtnOTANHlNr^ iSVENi a 

Tin^ uifKRt. iio1iibK> evoni of thi! year was t.lu: establishriient of tlie 
new NatUinol Qaltory of Art as ii bureau of the Smiilifioniaii InatU 
tiition, flic resul! of the munificent gift by Andrew \\\ Mellon of 
bis great art eoHection and funds ejEcmling StO,(XB,Oi.X) for the con^ 
struct ion of a suitable gaJkry kHidiug. 

Tlifi Hpiipment of the Nafioiud Zoological Park was greatly im¬ 
proved by tlic cumpletiorij under a P, W* A. grants of tliree new 
exliibitinn hiuhlingfi, a uiachiiiB diop, a garage, and ctew beating 
and Btectric insEullnl.ious. Dr, W« M, Maim^ DinfCtor of Uio Zocj| 
heade^l the NatinunI Geographic Society-SmUhsoninu Tnslitulion Ex- 
peditinn to Sumatra for the pur[Miso of obtaijiing jsjiecluierMi of ihe 
iidcrestlng animals of that region for the National Zoo. Hia ex- 
pcdhioD WAS sliU in the field at> Lius tyf t ho yoar^ huL retKirts in- 
dicalo a highly Bucocssi^ftd trip. 

In the DivjAiun of Itadiatioti and Q^gunlHuis^ notf^hle advaiicea 
liflve Iieeii made in tiie ^lurJics of [ihotwyntlieria^ phol4)troplani| niut 
the roaciiooa of ultraviolet rays on plimt jfrowtk ' 

StanO—SB-2 
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2 Jtat'nisoNtAJt iNSTrruTiON, tijn: 

Tho SmiUiAoiiiAn mdio program, a veekly half-hour ctramAtizn' 
firm of die Ini^itutioit'a rcj^nrclies and azhlblis, |mt un the Air 
through tho cooparat-ion of the Oiliro of K^duoaltoti anil the Koiionat 
nroodcostlng Co., contiiiuud throughout iUti year with undimiiikhed 
liopularity. Tha littk' mogaziiio iiiSutHl in oonjuDcUoit with the 
broaciciifltii, presenting popular ulklos and reading lists (Ui 1.1 1 « sutv 
jeots treateil, hurt n>a(^hei1 it cireithition of lSO,0()(t fur (fii* Juno 

HCMAtAttY Of TUE YltAa’S Of 1H15 BltANCiOa OF TUB 

iNSmuTION 

A'aliomi —The total fiiT{>ropniilion fiw tho niqintotiaturA 

of the Museum was $7(33,f>T0, an nctuat itwroaso of over tho 

|)rovio)is y«ar. Spociniena added to l.ho ooJtceLions, mainly us gifts 
or tliTuugh Stuitlisonioij psiwrlirlnitB^ iiiinilifered 3fllj9/St. It m difll- 
cu]L to select tins accesUutis ajwong Urn amount of 

Tiklitahli^ matorial^ but Uis follow iiin ittay tiiorifiojied fks 

^^l& intersEff nf tho year'^r nddil iiuis: To i!U^tliro[Hjtugy, ii valuabk 
^IWino of sfedpiul ninteriul rr-sulliiiif fmm Dr, Brdiifka^fS itrclitH>- 
logical excavations in Alaska; in hiologj, nelromo specimens of that 
lUtle-tnown fauna of Siani^ Indudliig 1,100 biribk, ^1 fishes, as v^eU 
as mammals, insects, tnd other fomm^ in gecdogy, epeeiinens cepre- 
eerdirig 2ii distinct meteoric falls, olitaini!il thru^igb Lhc RtMihliug 
fund, bringiTig llw of folfe represented in the Minium to €i^; 

in arts and indEistrk’^, lhc gondola of the enoct^ful ^ratosphere bal- 
ioon EiTpJtmfr II^ predentcii by ibo Nntioiml Geographic Society. A 
numlK^r of ex|iedil kins vent out duritig die yiu&r in tfic inletcnta cif 
AfuBcuin^s rc^E/at^hes in anthropology^ biotog)'^, and geology. These 
were financed mainly hy Sontbeouian private fiinils or hy the sissist^ 
&TLC 0 of friends of the Musetiiru llie number of viailers to tJie kgt- 
aral Miiflciim buildings for Uie Dr^ tioie in iirS history fseecded 
2,000,OOOf the actual ntimber for the ye4U' being Hie Mu- 

^■uju pubUslkud an annniit rejKirt, 2 liul1ctin»| and 29 ptYxiee^liiigs 
separate 

N/iH^nal Ci>lhctiiyn of Fin^ jIWuS.— nitms of thig bureau of the 
InsHtTition was changed by act of Cdngrefla an March 24^ from 
^Kationnl Gallery of Art^ to ^I^ation4d Collection of Fine Arts”^ in 
onJfiT ihal the former name mlgUL be ossigniMt to tli+*! coUeeliois of 
fine aria and Lfifc^ building to house \t givnn by Andrew W, Mellon 
to flu* Nation. Tlie sbdeenth amiuiL! uii*ctSug of iJie Natinmil 
Gallery of Art i.'ommhBton was held on Dej.cuilw!r 8^ Dr. 

Giw^rge Flarold Kdgell w'os nominate^J aw a meimlM>r of the Commis¬ 
sion to inicc^ed Josefih Ih* frosty dec®ased* A mimbiir of [>orl,raita 
and olJier firt wnVks were iicrfjptwl by the Commission for I lift Gallery^ 
ant! two painting pvirchai^ hy the council of tho Kalidnat Amdemv 
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of from thu fund pn^videnl bf tlic Henry Word Ranger 

woro recalled and clainifKlt ucoordiiig tx} tlie tenna of tlio 
RtLiigcr will. Two immature^ acquired ilimugh iho C'liibcrina 
Waldftji Sfyi^r fund- Tile Gallery brid two special n^ibitioiiiiT ns 
follfjws: Paintings and MtcliingB by Thonnm Mumiii jnPtaUed in the 
lobby of the Natural History Buildirig on the one liniidredth nunt- 
rersrtry of Thts painlftr^ birth i and lias exhihitiou of tho SticoTid 
Anniinl Metrofiolitjin State* Art Contest, lt®7* inclticlini? 3<>ri orlnis, 
imiiitings^ nTid |>ier(h3 of s^nil]itiirpT by 146 nr-t-Lsi^. 

Fresr Gallery of Art ,—The yaarls additions to tlitr uolf^^ction in¬ 
clude u broim) Canibodiaii Biiddlirt, a broiutw diinesn rjereniuniiit tcs- 
fioh ihme eoily CbirK'^e Qireo Aniii^ruan i^olmuiss of tlio 

fonrteentU and savetitti'iiUi ciiiitUriels—thn OiMqieh a {Mtialtrrf and a 
hyninaJ; a thirteenth cenlitry Sow Ti.'titajtH-nt in Arainitir; Arnhks 
™luraoa and paper and pandimmi tenr!^ from aeitiral Arabic mono- 
stTPrpla of various peri oils froui tiw liiiith to ihh^ aoventi(M)Tidi can- 
tiiri<«: a siiticonth oemtiry Persian volume and 3 loaves from a Pt»r- 
siAti inamiBcripr of tlio ixiriodj 1 Chinese, 4 Indian^ niid 11 

Persian painiings; and in potiery 1 Clilncse eup hultler and 2 Chmese 
vases, n Parsiati bowl, a ml 2 Si'rian pildhsitu Curatorial work was 
iluviitcd io the shidy iif Cliinoa^i Tilwtaiif Japam^^ Aa^xunale, Ar- 
tmmmii, Ambir^ Pcrsiuti, Eojii Indian, and Caml>o<Uari objccla In Uiu 
ciollcHdion and of the ti^xt&and senle o^ociatod Yfitli thctn« During 
t.h« year 810 olkjccts and 265 photofinipha of objects were submittefl 
to tlis curator for opinion os to prove nance, quality, or oilier 

lulicjinon, and SI inaeriptiojifl for Imnaklxon* Victors lolakHt 140^61, 
uni I 10 gnmp^ ware given nirt>e iUustrak^ tulljs 

were given by niciuhers of rlie tlalicry SialT Itefcire tlin*^ local 
organ izaf.imi^* 

iSurivn* o/ jiiacnWn Ktkfwlor^. — T\vo rc^^earcho^ of tho Bnirnu 
covoriid it wi<lc variciy of atuhts^dogical and elhnoloizictd studies cd 
the IndiatiR cif Norths Snuib^ and Cenljjd AjutwiciL ilr. Stirling, 
t.Tiiof of tlm Bureau, Jus etUnuiogicid report on llio Jivaro 

Indian.^ of Bi;inic]or« anil exnEDineil n nutfilau' of tiuiimiis in Georgia 
and FioHdft* Dr, tiTVanton^ chairmaii of rhtt fTnUed StpiU'^s D<^ 
Solo E'lx}Haikiaii CommissiotL, mndc two field irqt:^ thr^mgh tlmt part 
of thfl South crossed by Yhi &*to^s route: he bter eomplctcri a 
page: rep^jrU which was siihmittod by the Oammisoion to Congrvsa, 
Dr. HirinsTaon tontinuii^l his elhncjlogica] reseitrehes ariiung tho Atg^m- 
qiiiaij trilws of James end Hudson Bays, Canada. Dr. Hiirrlugloii 
prupar^nl papers mi cthnologtcfi] and Unpuatir ndjitiiig 

tfi ■ niimlhcr of ttihxas indiidiiig tlie Kaiadtt Kiow^a, Kai{^lio« Apache, 
Hopi, and ShrKibontFBn; he also coriiphyte'ii » ifvjairt'tui tltc Slbt^riun 
otijpn of the American IiuUnru Dr, Rolje.rts cimtEbumi hia archco- 
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escavutions at the Lindenimpier sito in Colnmdft, adiiitiij mi- 
portent materiel lo that which ha lia4l already discovered relating 
t<i Falanm fiinn. In March iWlT Iw repitiSwdUfd the ’Umtcd States 
Ht the Iiiternatioiial t’onfenent* of ArcJi«jl<»gisls at Cidro, Egypt, 
Dr. Strong devf*twl the year t« ooinplcting the reiiort on his atthM- 
logknf eiptrtUtlon of the provioua year to Honduras. Dr. Steward 
uontiiiued ethnological studies of the Shoshoueaii trilies of ilip Great 
Basui arid Plateau aresif. Mr. Hewitt oontinuKl hia resoji rclirsj on 
tluf lA'aguc ol tlwj Iroriuoia, The Bureau ]>uhliahi!d its annua I reiiort 
■rid orir ItuJJetio, 

inlirtutihmai tlie coneltt&iou at Brussels in 18&C 

of two exchange iimveutinns kt.wpcir the UnittKl States and a numix'r 
of other oountnes. tlw Smitlewmiari Institution hn& been diargwl by 
Congreaa with the important duty of rarryitig oik the exchitiigo 
with other couniriEia nf govummentwl and scientific documents uii 
behalf of iha Unitod Stales, During the year the eAcimtige scrv-ict 
hauilled a total of tl5Tj34fl piickapts waighing C51,40l jwunda, Tlie 
nitiulKir irf full iiml imrlml fwis of gtrcoriuuentaj ]jublicu1>r>iis for?- 
wartli-d alinind is iir>u' 111. iiinl tD5 copies of tlie ('ongTcssioiml Ucc* 
nrd and the Fcdeml Regisicr are sen! to other cinjulxtes in exchange 
for theif parlUtDeninry juMriial.H, Fuiir new iieiMjaitorie.a in Swit¬ 
zerland wure added to the interparliatncnfary exchange ligt, and 
one in Germany, thi} BibliotJioh dos Prenssischeik [.ntidlags, lierlliu 
was discontinued, as die T.aniags was aljolishod. 

jVu/jot*j!tf Zoofit^irtil Patk. —Tlifi fiscal year 1937 was nut sta ruling 
in (he history of the Zou. The oonsfrud ion under the P, \V. A. grant 
of $892,920 of five now buildings was cuniploted. TJntlGr thbt same 
grant, three llSfVhorsepow'er down-rlrnfi boilers were irnttolled in the 
central heatitig plant, the condnit systom was flJrtctidcd to two mam- 
mill houses, and the electric supply distribution system was rear¬ 
ranged. Ad expedition headed hy Dr. William U. Mntiii, Director 
nf llta Zfti, and finanrod by tlto Xalionol Geographic Soeioly left 
Wafihington iu January to collect ant mala in tlie Far Eiast. for the 
Zoo. 'ITiey took with them 2S animah which ^vere inleiided for zoos 
in the regiont) vlaited. The ex[N.>d{ti<iii is oxiiected tn rDtnm to 
Washington in Oclolier with a large collciCUDn of raro aitimals, nd- 
vanca roport-s indicating that the trip has l»en ft very successful one. 
Accassiotis of auimala during the year nundMtetl 1,0G7- Losses by 
deatli and otherwise totaled DKh leaving the ontlei;tiaTi at the close of 
tlie year ai 2,MS animals, repmuenl iiig TOt dilferent species. Victors 
nun dieted tnrlitding groups from flUS i«fnMils aikd nrgnniza- 

tioiw from 311 .States and thr> Diet riff of Coirtmbin, 

Moasiirementsof the solar constant of 
radiatloii have continued uii ull favorahlii days (muoiiuting to 
shout SO percent of all days) at the three ^’^dthsouUii observing sta* 
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(ions at Table Mountain^ Calif.; MontoEnum, Chile; njiii Mount 
Kathorino, Egypt, A flaw was di&eovcred in the “Bhort melliud** 
miuction nf observadonA. used muL'c inuiniig it uocvssiir^' to rle- 
vifie tt MW nititbod. tluB was doiie^ tUe Cdd obaen'crs nutiaBA- 

urod tli« pboLogtsphie rticoitls uf rtbservation eitive that date, and 
great progress hjii» Uwn made by an auguMyited icompuf iiig staff at 
\rasbingtoii in rety^mpulitig by Ibe new nif^ilind all obsen-atUms sinue 
L9SA, A solar mdiutioii stouDi Iwiler (]>l, T) was prepanKf nnrlcr the 
dirretion of Dr, Abtx>t and snecessftilly nperntctl in ,Scji'leinl)er 
fir. Abbot later derisfid a small solar flosli boiler which om- 
bodice itnniy iinproreinefits and which bolds ntiich prcniiba of prue- 
tical applit'atkm in tho future. Frodoriuk E, Fowlv, a inambor of 
the staff of the Astmpliysical Oliservatory oince I8j>4, was retired for 
dLsahilUy at die dose of ihe fisreil year. 

ttf R<uiiaii/on and —Tlu! staff of the Diriijicin 

ohtaineil impfttlnnt results from studies on the followingBiibjBctB; the 
norma] grr«rt:h nf tomatixai iimler lalwratory condition b; photosyn- 
(lii^is ih w’bcat; perfectinn of a s])CcCruT aljsorption nictliod of mess- 
urijig carbon dioside eotuAtntration in air; lime relations bi photO' 
syttLhesiB; the efficionej' i>f different wave Icngiha of light to promolo 
gomiinniion in light-setiPittve lelliire HW4l; tiie inHctjv.'itian of plant 
growth !iiil]staitcc Hght; and the stimillation iif umitiplication in 
algae by imiiiito dwage of tiltrnviolot raya known to W lethal in 
do^ of suffii'ieiit intensity. Four pap<*ra ilcsorihliig (fuj invi*stiga- 
fions of the staff were published during the yenr in the Smithson inn 
Miscellaneous CoUedtonB, and otltem were In preparation. 

Tli£ ESTARUSiniKNT 

The Smithsonian Instilutlnn was eniatwl by art of Congrfs in 
1&16, accorrling to the terms of the will of James Smithson, nf 
England, who in i82B Isequeothod his ]>mperty to the tJnited States 
of Ajnerka 'To found at Watshington, under tlin name of the Smith¬ 
sonian Iitsiiiutaoii, all estabUshmant for the Increase and diffusion 
ofksowlfdge among men.” In reccivTng the pro]ifttly and aocepting 
I he trust, Gongrpss determined that tlia Fetlers! (JoTemmEiit was 
without authority to admiiiiBtor the triurt dir^ly^ ami, therefore, 
constituted an “establishment’' whose statutoiy marnbers are *HhB 
President, the Vice Pmideiit, tJu; Cln'of JuBtice, and the heads of the 
executive departments.” 

TIIK BIMBII or HmKNTTj 

The law estabiishing tho Institution siwcilies that tho fhreo .Senator 
Regents shall .serve during the tonii*for w'hich ihsy shall bold, 
witJiuiiL reel net inn, their ollico os Senators'uiid the three Members of 
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tlifl Scnatu on the BonrJ of Kegonts, Joseph T- RohiuBOOt of Arkiiii* 
ebb; M. M. Loftiin, of Kentucky; aiitl ChArlea L. JfoNary, of Oi^gnn, 
haring hwii fveliicliitl to ihe Seimto foJ* n new term heginning; Jflim- 
ary 3, t&37f the Vie« Prisaitiunt on Joniiwy 0, X03T, reoppoinrinl thtau 
to eneceed t]uiiDSeivi» on thcKonrd of BegenU. 

'the toll of Rc^nte at t he dneu of the >'cur wafi na follows; CUarles 
Eviiis Hnghiis, Chiof Jnsticm of the United Stjaea, Chantt-llor; 
ifulin N, Garner, Vlw Proddent, of tJio United States; mcmlierB from 
Jjie Sfinate—Joseph T, Rubinfioii, M. M- l/tgan, Chartca I* MeNsry: 
members from Um ITouai of Iliipn»mitttiveS"T. Alan GobtslKiroiigh, 
Clantncv Cntinon, Cliurles U OifTord i: citizen membors—Ptwlerii? A. 
T)ti1ttno, Wadiingion, D. C; John C Memain, Wtishington, IJ. C.; 
R, Walton SftHire, Vtrginiu; Fbil’cit W-IJiughnon, Kentucky; Atmrw** 
tua P, Ijoring, ilnssnchneeJia; Kidiind S. Morris, PfeiiTisylrnnia. 

P/vaetidmyji ^—Ttie niiniial meeting of tlie Board of Bpffenta was 
lii'Iil on January 14, IflflT- 'flio Begonts prosenti woit> Ctdef Jnsf.ico 
ClrarlL's Evans Cliftnoullor; JoTm N. fiiWTior, Vico Preaidont 

of Tiw Unllotl Stoics; Scuntors Josejdi T. llobiuaua.aiid M. M. Ijogan; 
Bcpreatiiiliitivcfl T. AUn GntdatKimiigh, Clmrles L. Giffnrd, and 
Claronce Cuitnoiiicittron Kegvnta Predcrir A, DelHiio and B. Walton 
Moiiro; and llte Sccrt'tnry, Dr. Ulmrles G. Abbot. 

The Soemtary pTosatit^ hts nnmtal teptiru del oiling lii* ncJivitiisi 
of the aoTcrat Government hiaiiches and of tho parent institution 
diii'ing ilio year, luid Mr. Delano presemixl tlio usixirt of tho ostsen- 
tive comroitlee, oovciiiig ftnaiioinl slatlRiiirs of ihe 'I'lio 

Secret nry also prvf^'Utiti tho anniml n>|>ort ijf tlio NaiioiiuJ Golbry 
id An OLimmission. 

In lien of hia tuiual sped a I rt'fKift t.hu St-'cn^tory presented tn the 
Begents a brief roview of the Tirjncipal nctuevemoiiU of tho .Smith* 
soiiian UiBfitiition during iHo IP years alnco the death of Socrt’lAry 
WaUxitt in 1927. In ttwiordartw; with the wiahoa of the Kogci^s. this 
rfeiimi' hiiB been priutiid in piunphlei fonsi. 

Tlo! BiogtinfB alao adopted resoluiiona approving in principle the 
p;ij|s>H.si gift of I ho Hun, Andrew W. .Mellon of a culloction of 
moslcrpifctts of painting and sculpitire, and of n jjraJInry Ui house 
tlicni. This matter is treated in dciail mi pago 7-lT of this mport. 

In addition to tho aimual mcoting^ thcio was h apodal meeting of 
iho of Begenta on Jurat 24, 1937, At which tho following 

Bugunta wero presont: Scnaiiurs Joseph T. Bobiuson and M. BL 
l.t>gaii; Buprrsentativve T. Alan Goldaborough aiiiI Clatttnec Chuiiou ; 
citivn’ii Regent Ibdatul S. Morris! luui tile Seen'tafy, Dr. diarliuf 11. 
A Idiot. Tly^ meeting was^ivtllufl to lake antiun on muilera connoclofi 
with the uboVR'lncnticmod offer by iJie Hnn, .Vndnrw W, Mdlon, of 
ivhich full details will tic (nimd on pages 7->l7. 
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A Stiil4mif!Rfc will t>0 found in tins tpporL of the^ etcecutivtj comirnttee, 

pK|fP 11&. 

MATTERiS or GKKEKAli 

A?il 7 lixw W* AlfT tllFT llEJ THE ?f ATIOK 

Prolsalilj/ tliG gn^ti!L3t Itiiji^tiis lercir givau tu lLe of Art 

in tim Natiosik^is CttpUiil and in tlie Nntiun iisolf vriU rtiSulL fnuu 
Andrew \\\ Mf?JlonVt umriilktcrttt gift tn tlie Anuirifnn |MiOi>!u of kia 
iiuvxcdJed art coHeetimij a $10,000,000 building to exhibit it, and 
an tindowmmii futwl to pay the salaries of tlio directing officials ami 
for die aoqiiiiiidoti of ailditiotuLl AH lA'orkai Tiie pro{H>sal was Riado 
by Mr, Mallnu in a ltdter to Preaukiit IbxkftovolL datod DecAitiibcsr 22i 
jiKJO, vriddi began iia foliow!»: 

OriT' a KMjrliMf lit numr I'cata 1 iinro bees acqtilrlEi^ ijuporLaLit ami lan pnltit' 
ii\ish iui4 icalDtuxs w[tii tbo Idea t&at ultlnmttiJ^r ttioj wmilil bocoms tiie i^raip^rnr 
Ilf itiH yf Uw TjoMrft a ad be flTallatJe tfi \^fm la o aatUatol 

aii le^llety Id be malntilijjiMl In like rlljr nC Wiujkla£tLi>ti fpr Ibe piiriMieii' *tt 
and ili^iyluf^kiitf a jitsdr of me flaa aita 

In wUi’r Ui enrty eat IM* piirpui^. and wttb ilm atiiiictal 4if Uie cihui- trif^ 
1 wLHh to prosose m pliin io ilve tli« ark eollHrUun i^bkli I bave brmifbt 
la tXw £^tUt0OiUaD tnAdUuttoa cr ts Urn t!DJt€4 Staten GoTrntmvat for 
Hid benefit of iJie poopk of tlita cotktitrr* ntifl (dip to emt or £^Uf*p fa be erecteO 
ou ntiltlle lauil a iultaJile baJlitms fur A autkiniBi i^f att. ti^e iHeAj^tk and 

materUiift of H’liich alLaU be suUlcct Uj me appiuTnl of iIiq Wiii£r Aria CpamUstiioa- 

Poltovving an oxdmn|!;« of oori-esiHjncioiicfi witli ihu Ptosidbiit, Mr. 
Blot I on made his formaJ offer in a lettor datod Dumber lit, L9S6. In 
cousiiJiation «-itJi represonUitives of tlio DeparUufliit of Justice and 
tbv ScerrUry of die SmiOiaoumn Iiifrtitution a bill prepared by 
repre^niUtivi:^ of Mr. Midloii as Hunse Joint Bc^oliitiozi 217 oov^ing 
t]w tnuUh^r, After bntirtiig^ dkw rt^dudotk was Agreed to by Congre^ 
and ftpprwed by llie Prcsideiit on Marrh 24. ll?37. The full text of 
tile iT4!OliiliQT> follows: 

iht an 4 ifoufD of J?Dprr.t«nfAfirff« ef tfrif truttif^ BWa of 

Asii'rfm in Vonfftr^ oi#rtiiblr4, TIidI Hie ami UiEiaanl t>r Sc.'veuUi StiTCL Con- 
irUtutluu Avimuy, FumiLL Slwii and JflortJi JkbiU UflvD* SrjrtliwfsL, la tlio Difl- 
frirt of CulumlOn. li berebr BiUkfutn-Utted to tbe REiiitiii^TilAu fiunktnrJofi aa a 
alia for a Hatloiin] Qallyrr of Art, Tlw SiEiitbiioakia lartllstlrtO Ji «oUiorl*rtl 
is> itenali thr JL W EdBcaHrifial aod OttrllalitrE 'llrtint ^ binviimfEar 

fvrsvd tf« an iiw ilnTMir) la wiLiiTiirL uii Jiald aim for lliu S^tUimtilJia lumliuilaa 
a bulMkiii to Iv duidjsnitied Uu? NaUaaal Gailor^ of Arik nail ta rouiiva aj]f ^lat- 
tBtf itmctikTv Aud IniHlaoApci thv irounda wtib|f^BaId Atm^ The adJoJatnff ama 
iKoindiHl by Fonrth Stntcil,. l^cniuiylTanlA Areumv Third i^tiret. Snd Niirtb MfllS 
Drive. Ifrrrttmrii^ lo thfl Diiitrlt^ of CehimlitiH If Uvt^^y rtfrarfd mA a altv for 
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futurv Addltloi]fl to th-& rt^ntionjit Cfatliir^ Arc, ThA [irAj«2i tq. nr- 

fOtitli]H:e ^llh tiIhiu attd Approred rlif? C^TTirml^aii ^if FJiiu Attik 

2. («) Tli«nt til mnAlilLihi:^ t» ihv KmlrtiiHinLiti Imllttitlci^i n 

rvflu, fihJc-h lrt» difTTt^i! by n biia&nl lei fcK; iuMiwti &a tbw Truntvvii i?f tUe 

KaHoiiiiI OiLlferj oC Art, wliuse iluSjr li Ebnlt tw tit iimlAkuIn iiiiil ailtAlnlittir ih© 
Xannhal Ciallerp uf Art niiil elte tlienxjf and to snrlt othr^f fune^linnK ns 

ajr^ v«I 4 h| In Uie t^iard \ij tlili Act, Tlio hfidtil ibnll ^10 compoprd aa InllDniii 
Ttw ChM Jarllco (if iljM Uuitfd SitfllCJp flk* Stfrelitrj of f5tau% lU* of 

iLr TVenaurj. nud Qio S(>eMhlnrjr of ihv f^milliBotiiiLU luiiilJtuUuii, ^>^11 ■; and 
Ara gettomi tniatoes whf> Mlbnll he rU{3E«iJ9 of Om United Sintes, to be i-bo«eti ar 
bpft?JiiAftflr pTOTliled. So otiSci^r or of the Fnlerat Qr>v^rttnM*nl ahnll 

ht la tie ehnseu aa a Kfiiitirtil intulve. 

(b\ TUtf sPiJiirai irnutmi ntar. tuhLc* jiliall t«> i.hfi 4 «i by the Board nf 

of Lhfl ^mlLhanulnu ImLituiluii, imhipct tu thv appmvut of ib? tloujr. 
Slid shall lia?i> iiimia exiiiring one tfttrli tui July 1 nf lOfl®, HWl, Itml, tLRS, and 
ns doalpiiutea by the Board of A iniocessor alinn |>o olicKn bf 

n majnriur roTt <if thn pimml Imiitcea na4 #hall hoyo a tomi nxplrlriB Ipo yearH 
finui clw dato of ilii* of tho (rrra for whUUi hhi pmlei^^«nTr wa* 

ebDSoD, exc«>id tliat a cfaoOEo to Oil a Tmmbry ouearrlij^ pricr tti the 

expimilQEi nf such term shall Tm? choson only for the rrmiilodcr of hiitb ternL 

Sjx^, li Upmn ramplE^ikn of thb ^'aUojiat MoUery nf Art, the h(MirH ehall nccepf 
for tho flinlrh:KUiln.ii ImtJfutJuii nn d flft froM the donn? n colleeilnu nf works 
of art wtikli oluUl be huimnd aud pabltdiid in the ^^nthniuJ Ghlt^ry Art 

S*d. -L (a) The faith of the UhlU^d atates la tiU^Ki^l that* mi iNjiti|dotlifii of 
the N'atJoaal Ofllkrj of Art by Llic donor \u nt^cordiuien with the lonua nf ihU 
Art and the nci^nlsltlnn from the donor nf the roBectlnh of works of art, Ihe 
tJoBed S|n!r» wflJ [rri#r1dp tneb fntids a» may ntfcessnry fop iha opkeeiJ of 
llio Xnthnbd rritiory nf Art iind the BduiikUtritttre exyirnmnii and costs of ojtern- 
Elnh lhen.*ef, locladlmt the vrot^ltoii and can* ii^f workn nf art oi^llLn^ hy ihn 
Nsnl, so Hint the National Onlrery of Art eihall lie all time* pro^wly tnuln- 
talM'd aod the woiiia of art contained thorplii phall bo eihlhltei! refinlnrly to Ui* 
IteniM-al jidhUc free of ebarie. For ihew pjrposes ihere are hereby fthlborlacHl to 
|K« apiiyo|.wiBted inch imrun tih may be breti^ry, 

{bt Tins Ueird La aiirhorlrcil to nct^td fi^r tbe .^nUlbseiilan InstIhifleu and to 
hulil ntLd iidaifnhiEEir liei)iif>otR; or devtooa el loouey^ wHnrillea, of other 

proporij of wbaisoefor chararter for Uie lioneflt of nm National Gallery of Arl- 
Unla^ ftthPfVflifrt’ rT-strlctcd by ibe tsPini of the gift, 1sH]ueflt, <ir devhw, Ihn board 
Is Biithurls^l to «,dT op and in or mloTeat In such Inrestiiieubi 

M U mny del ermine ffeni UthC time she money p, Mwurlllea* or nther tProi^ rty 
cominsoln^ imst finids alvesip ImiHcnihi^L or d4?vl^ to or for ihir bmielli of iho 
NnfUmnl Gnllrr}' nf Art Tho Incothc qs anti when eall€<Ft{*f1 uhn}[ bo j^an^l In 
tm-h der*mdtarle* ar the Iwitlfi! shad delonnlno and shaB he Rubjwt to ctpondl- 
lunr bj the heardi 

ICE Tbe l?oapd ahaH afsiiHElnl anti Ha ihe ectmtienrarrleTi and dnUes of a ilitmior. 
nn mirnhuii illwlor. a Age reliuy, und a eblef cumlor of NoLlntidl GalkTy of 
Art* ami of Such othsT iLmcent ntiil ciii|dojeM of ihv Nalhruai Gallery of Art iip 
may he nect^Ty for the olSclent cnlmliibitrtitjon ef ibe fniii-rluiis uf tbe Iniuril. 
Sneh lUnfCloP* ovlPiUht dlnerfor, m^rtfiaTy^ nml rtib^f curator siisri be eumj;Mm^ 
fmli-d fryM IrtW ftmda avnllabLe to Iht^ laoml for tnnTKi*e, and ihelr iirne>lJit. 
meiit nud mla^ shctll not Iw wjjijeet to the rlrllHiPri k-e tuwa ot the Chiostflra* 
tJnn Art Ilf IbSi^ Ai aiDurndetl. The director, iiNsbitaiit dlreclor. M'di-tary, and 
chief enraror ohallia^ well qnolhlld by eitmiencv niid Iralaki^ to la^iferni ihit 
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duUofl ufll£«> BUil UiiT orli^luAl tu cad) nuih eilmll 

fubkel tui the mjjjToYnl of I lie dn^iof. 

ITiti flcttfiiiH of tlip im'luiUT44; anj^ pttjmf’nt mjid'i: or dlrwtHt to tw 

tnndr bfr R frnOi iirr^ tniifr firrttltf, tball rrnl b<i mtrjort to rffrlrff hj anj oflkOT or 
afcmT ^»th*fr iliaa jt isrurt of Uw, 

Tlie tKioril niJiiiorlEOfJ to nclDpt nn offl'cilal km| U'hJd^ stmll bo 
Jndlrialij iioElcod nsd to niukc sncb bj'ljiwik ELod rf^ELtfitionA pb R deeinfi 

for tbi» aiinLLul^TAllaii of Hb fcrnetlti^a fblo 4!U;t, lududUiiu 

ummu otlier matters hi'UiWB, fUle^i mml resu!*tl[pi3» reUtttait to tiu? aniaUiltlaii. 
e^hiljEtJoli, null lonii uf ivprlut of ari, xhv ndmiiilidTiitloii <it Rn tmMl fimdft, aod 
ihP orimnliatloD nfiil promluxc of ^liu Tlio board nmj funi^lJon oatfPllli- 

fffonithifc Tflchodi^ ftbrt tbjw wcpihPrB of ibu bmn} ibaE ootuitilote n i^uomm 
for the tTnneartloo of bd^nes), 

til) En nfilcr tbnl l-be oolk-chfm <ff tJut Nathiusl OalLarr of A.rt flJmU aln'A]nt 
lie ttusiblaioeiJ at a bijdi atatidard and In onlar to firereiit tb* latrodiuTUoii tbwiti 
of Inferior works of Si-f, no work of nrt Phil 11 be included in tlLo pt-nnojifliit 
lection of fbo r^'aHnniil Oaiierj of Art thiIe^s It He of similar liigh araiidartt of 
ipuilitj to tliopo in the CfTllcctltm niTuftltx^i from the dnnor. 

The board almll harn nil the nimnl jinwi-ra anil obllpsiMliULb of a Iniiitco In 
respeci of nil tntal fumla udmliilijltrrod by Jt and all wortui uf art M<?i|irlrt!d ir. 

(ill Tin? iHtartl ahnn nnbmll to the TiOflhiitttini an imnual evpoH of 

llB oiwnitlons luidor tlilF Act, lucluilliip u detailed Hbttenient of nil acfiniBitkoiiB 
and Ifjoni of work* of art aiiii of oU piiltlSe and tnom*yn tecrired and 

dJjdjtiraiHi. 

Sra 6. (n> The CrnnmisflictHm of the Ihjtriot of Columbia urc hereby aolhot- 
)»wl and directi.'d to clo«c aUtU etrci?h Northwest, wltblu the boundaries of llie 
pdto for ibe NaUeoal GnJIery of Art, Tlie Nutloimt Digital Fnrk and llniinliis 
iVnntnlHwliiri itLaJJ tletcrmliie the Imltittm; line* and appremt the plaa of ap- 
tproachon for said ^fllhTT* and ahnU iltKj maki* rti^i^iniiH^ndnLhnM for Ihi wS^Icn^ 
Ififf and odJOBlmcnt of Third, Boventbi NInih, ond sijrb nfiicr Htreota Lb the 
vIHbllT os niB? be neccBsary nod dcnlmblc lo prorida for llio tmSk: which 
would olhefwliio u-4fT Hlxtli 

(h) Bl’^^tloi^ lO nf i\je FuhMr BuLldihjf Act, ri|Tiit^iiti^1 llabih 4. IhtS 13T Qlat- 
mifttlii^ fo ihr Chvircc Wasliliurinii UrmorbiL Ihindloit^ mid aU pro- 
^isloiiH of Imw amneilalor^ Lhtirixpf, iir« licroby retioaliMl. 

(c) Ttie i^ifatiiig boron u of ihi^ SmUhsoninu luiijtltnUon now difd^stcd ns a 
tintlnnn] ^JJcrrr of art vliall hirrpnftcr N known ns the Noltonat Collection of 
Aftx 

<d) Tbfp nflh alldrr liic Inindltm "SmUhwiulau ItuUmthia" lu the 

Indcpcjulrnl OJIkx^ AptifniTrlatkiii Act for tbe h^al jeiir ll'SS. np|srcirc«I Fcb- 
niary ta, IDC^i Slat, t*, 1233)* rclotinc to tlir orcctirin of n Tintlonni: fpillvrjr 
of art, is hereby Ti>pciilrd- 

A|itim%-i><h March 24+ lS)St7. 

At a sjiflciiil of Iho Boaivi of Itcgmil-B of tbi^i lu^lilutioii lielil 

on iTiifip 24, lOni^ ihi'ni worn rtuljiniitcil C4S|rie;i of a iruM imlhnfurft 
Ijotw'ten tlib A. W+ Mpllim Ethicatiuiiftl inil CliarilnMv Tnijrt., (liR 
SniilJisoitian IrndHutuin, atifl tlie »f tbe JJalioimt GMttty 

of An. After iionfiidiTahon* tlie following retHi^Jntion wn^ niSopleci; 

l^ranli'i^.^ Thnt the iriial linhtiiiire A. W M<43au Kdia^ationol 

and €;|uirltnb7a Tniat, tbn fhuUhautdnii Inii^ittillou mul Ihe iniPdt.N:^ of the 
Naili>oaL (Imllory til Aii< a limft wln^jneof Imit Im^oi prest‘Qft^l*Qt this mectltut^ 


l() AN^UAI. l^S^SWl^tOK. lU^T 

nnil Si«Ti>tPj Im ditneci^ Imc iDwrU}^ In Uta tilLttulo (hhiIi uf tlif! Bc'tpcnrb Im- 
aif^iIliiLLkJj tha iiilntit^« uf ibli mL>4,^U]G, lAe^ nnil hfTvtiy ix K jiri|prii»ir«idT 

unii Uiu Svc:n»lj(iry oi Haci ItE^tliijUpii nciil hfc^hj Lo l3% uuthurliu^ ind dl- 

mr^cd to GW^tk [0 met! Uidi-ntdjfc, In td|ilJf^0t0, In tmmti niid iintJfrr Ota {xprp(> 
natM ant ut! Ll^ iDAlllmtlon, otnI upon Its dne pJkrcuttfni nnd hy [ 3 iq other 
1iartU4» tbrrtto iwop^t ifrllvery Oiercof, 

Tlie foil text of llie Lmst indealtLre is as foLlows: 

mrfrr iMDU.VTtJtii: 

1311 luti Uie :&4Ui dJty Jiiiw?! ahiI ItiCundL-d Ui tiiwn tUAt dulr^ 

ultliijuidl cxf>niUi?d hy tLu pordiat lioititiR tm tsxJoiiB ixihei dtiin, tky, bef^cviu and 
omoni? 

Andirv W. MrUimn I^iiil Mi-IJun, D. SlietniTd und tinvJd K. 0. Bruce. 

HH imiilHPii of pja A. W. Uellod GAlnrntloiuil anil Charltahk Tnuilf njlnhlluhiHl 
uiidiur Ri]d bj virtue ul a truat of AudJi^v W. Me^llnn tn Ai^Ul 

DACombof Si), partli'^ of tho drul part, nail brcnion/tiT 

TofOited to na ihe *^nar“ i 

^ntPiHifllftn iDat^tutlan^ an ralahUahmmt cr^nlnd and l^xlflitLl:L$ under nud l>y 
vlttiJi" Ilf mu art ni thii- <>uqri» ijh- UnltiTfi of Au^ttUm, aiiimitrrl 

Auipi^l lOp l*arty n£ tin? wacoml puit, atid hendlwiflrr rvfcrrrd to ua IhiP 

'^InaUlutlon"; aad 

The tTTiRlcva of tbr Nnllortnt iMidlrrj of Ari^ conaiiturnd itndor and by tlriiir 
nf N JTiltit EleanliiLUin erf I Aft of the UuLlrd UtfitOfi, onrHilod "Joint 

tii‘aq|uLlian [kniTltUu^ fur the Oniinttnctluh a tut Atnlnii^nanor of m NathiriMt Ual- 
krj <if Arh"' aptrfwT^c^d Mnn-h 21 laST* pazti^ ^ ttio UUM p^rt. atwl h^^rvlmifUtr 
KunoUmeti rtliimtT 10 oj# ttjn 'T’rtwtowi,^ 

Wlifims In IJniH'ujTH^r hy curreapondencp Wtiroen tbn TifTnfldriit of dio 
tlnltod BtaEpt nt Atniirkii nitd Andnew W, Mellon, Ibo demur pmpoiwrt to glTt o 
rolU-etIuu of wndta of art for th« of tlir pcojklo of rJi* rtiittnl Stntr* of 

AfikrrJm nml lo to l»# ctoctrd lui patktlc hmij n futtabk haUdlrte fn whfolj 

10 hntiw ftJHt cxlilhlr tdrli O'UkiIIoii, roidc.^ of auvSl i-^jrrHFptRtMiirnM being bore- 
nntn aTlnrhod ioieI mndn port hmifort ned 

Wbi-rraa aah) Joint rwklulliin of thn eongrw,, rhntn vns enfaNluTiiKt a 
bitfuau In tlo' IrwtUntli^ i» in? dlroima bj thu trttitM, bail pmvlilon iwirtf» 
for tho eomtmctkni of KaJil tyullLllna, tho ti-ei.'OptaiDce of a coHectlon &£ Wviita of 
an n« n gift frt>i!fi Lhn donor nnd tlio etiindLlon thamif Jind of other ApDnrprliito 
arfiriVa of art In leilil tmUdliuc, nnd Ujo ndiiiluklintlon by iho tnntioea nf imld 
hnlldfctMtH tk* alin mtd Ihiifcnf, and all inatterra and affnln thnt r^rtali^ 

to tlic iiAe thetoof for tJiu $iublEe Uwat; nod 

VVlienirftli It It nuw desired to eonaiintrunle Ihe dfl of said bultdljj^ and aaUI 
eolIccUnn nf iforkn of art and ifi tcorn rurtlrnlnrljr iiie te^rmii nnd cika- 

riHIrrna tSfpitii tthkh mid gift Is mnifp by th/t ikuior nnd actfpted by tho 
Tiiailiuhrm hfiit the tninEii‘o% hjuI 

WhLTTOs by Mild eomopotkiLefuci^ ono of the fumtlrliinn of tbi- gift ihftt 
the upttt^ of Itio Knllery bnlldine nod oEJut bdtolotitmUvo mpoius^i aa«l wmtp 
nf ojH^ruUoii and fnnetlon^ng of thtr giUcry would he pruvIdl'd for aonunlly in 
nppojprlnfTrttin to lia mfidn by Crniionrap: and fey eald joint K^clittlon. ttrf? fnllli of 
tlie Ubkeil fttaftw trnit ikteiliftHl thnt It wrmld pnvrlifr ailnh fnrxtls ap wcrollt be 
noctuary for the upken^ of the gnlJtor and tlit; mlmlnlrtlntkti eaiiHFiwep ntid 
rmim uf operttfloa tliemof. HkIi^IIub tho pmtpctlua nnd cim uf wurka ul art 
urgutred by tbs tTnstcea : 

Jfnw* unRonluu^mi* inumni ' V a wrrtTwvrn; 
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imxiirtm or tuf KATiOHAf. (taiutst or 

It) RcconLaaci^ wflb iht" rnrrlHlumt of «iM Joint n^ilutiim «if thic Con^Ti:;BJt, 
ilii‘ lUfititEiltiiti lirwiof t)<?ntilEA ittH iliHinf lo a ml the tUitmr Ufsrttur 

ngTVM^ tu (^oatniet for tbv liuitimtlDU. a to bo ilofi!iczui{€>d iusil 

after tefomd to as tiw ^^ntionnl O^llorf uf Art'' upon ttn- aren lij 

Sirfpulb Htirct, CnnjitLladuii Arrutiu, Fuuiib titmt, atiit MaU OrlTfir 

WV. lit lh£ l^jEtrtiTt or Coltiiufili ihK ilte aLitim|rHBl£<d lit Ibr ItitrliMl- 

liuB lor mhX JiMtit rfjitilyilrKil, HWd to muorc anj exLitliie «ntiitiin? and to Imi]- 
m3[ic tin* xrt.niDilA wLlhLn anlU t^ren^ ill In ih:t^n3atM?n wJUi plnnA nud A£%riOLa- 
lluiiA ippitirrd by thr- Gomnili^loi] otTlnt Aiti. Th& bfulblttije Hno doiS plAitii of 
niri'Tout'biw for Mid bnUiltfip; aluiU be dp^iroTed by the Nntbiml C^iilinl Fork 
■nil rtBiiiilnit OiiiirnliBliiA. ilotiur, in Ui uoKiitiroUFd dlmetlon but ml I la 
i»|je tinartiiiK ibalt aupLrv; fmrb turldln^tii, eptctmi-'toni, hnlbJon, atnl utliotr, nM 
hh!L\i tike or cnoao ia l><t tnken niiy ami every olttt ai:tioii nc^easury er aif- 
rlaalile In coDucctlmia ithh ttm fqtielmif'tfoix corPlUitJoiw ittirt fumlah' 

]U|t qf tqild buUdiu?, and llio tanilPTnoiDf^ of eobl iim iqxin bich Ic l(i emrted. 
The iUmrr uliiill W' nJ* ™t» «tKl eataiwws lii ruEiberUoia TFttb. or Itmtib^nl to. 
imb! tiftdoet In iii> ev«ii and tmilrr no dtrinnitaftoes fJmtl Ute IiuiUiiiiuii or 
thn iraKlom t)r te^>mdl)lo or lloble for any |iart of iucb roit or at^il 

ihtr iftiDDr Bball Lralimiulfy and Iwrmlm tlie ai^rl tbo tniitera 

ttwi miy iMiil esery Uatiillly whabwMTef witJb rcffiJVnrv to niT|1blnf done or 
onhltihiil Iw bn lion* In cuniwediii wlib tli# nirryln^ imt tif «altl itroitvt nttf 
jrart tlif’JWLT. The iDutUitllini and the tfiiateea are eajirBSfily r^ired of aoy 
rHfpotiKitiiItJy Dr duly imrialnliLit to iald jirojHt,, mui the etitfr^ sml 
JarladEctliin nJid r^i^nalbllLiy iliefi!iivqr imd with regard Uivruto uttr 
ii|)U 4 i ATul to die iloiwr. Said |rroJect ihilJ be hv aotiu ufiiff 

iJio vJEOrEitkm ftuii delivery bL^xf ae, lii thu Juilannfdl nf Uie iLEiinif, the uwuuary 
Eiliuu% eta>«idniflqttd, and artitia)cmirhU mo ho umde atid iftToctmL aTwl will be 
wlLli 4 B extjedltJotuily aa^ la thi? juihtuwnt tb^ doQEir^ Lbe o^ecuLion 
of tbo work can proia^rLy be an'iM^iolH tot m tbo bnUilliuc ia rf Tnumiiiiaolal chur* 
acU^r aiul U lotesnlud te hare mihdond^tin Dtrblircitiral msr$L It La agmd Uial 
undue haute la hid lit^lrahlB. aruJ i lnir for I lie Huai 4?einti>lHiim of the preUtH^i 
ran be Ixmln Aa and whtui aald iiitjjjiet bu HunJJy raiuvleted by the rfitfc- 
aLruHluti^ i>ij 0 l|hiir|jl, ami furidalilii^ ef aald buIhHhg Hml the LuDdiKtLpLjilt of 
aaia area In eccontiinoe wltli aalil plans »ui\ iqwlflratUma, the iliniEir will alie 
writ tail iHitIco thoroif to tJio ladJltiUftti iml ibp Lmuteo and tbrrpu^HMit wllir 
out furtlitn: aiHbui by ahy qf JIh^ partJi-^ lieretuk the llth! aald ludldliii; 
ahalt III? dra^tttrd Ut he twmd la ih^ IttiUtuiltm, Inii Ui* iiiiiliileiiiiflft& atvil nd- 
tululaltAlJuo iif adJil bhUdlnjc and of ihv illc iHuill Ih? Yt-jitcd exclnali^ fn, ami 
Khan he tbe wile tdilfgnthnii olid duty of* ilm trualet** an a iwiiiiiiTte biireoa of 
1hi< timti tuition, mill dintlnel fT»ni the olber aetlTlltm of ibe tiwlllutkm, which 
arv Bhdrr the tnah.aui'^Fht of tti Koani of Htigr-nta 

II 

fiAUm iir aiLLUXT 

Siitrt pbnll huuwii atal di'^gnii^U aa Ih* ^'Nalbiruil 

OalTerr of ArF\ lo whfch Uafi eptlra pabllf ahall fitt-wrf have Iccaa, irqbjret 
mtlf to KaHJiuihle frgiilatioini fiocn I toe to tlma wtahllabud Jiydbe tniahK^ 
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ANXtJAt HEi'OUT SMlTlIRtJNlAN ll«7 

in 


DtTT CV Cnt4JDCTR^?(B CfT WlldlEa fW 

Th* rtottfiT tocreby j^tosi to tJio Jafitimdoit niid tlio imfftfss. noil they hen^by 
occept frimi ibn In tnift, bam^rer, for ibo oks &nd parpcjneit okm;] EFiihJeet 

ia ihv^ pmvfAhifHi oheI cuEHlLthiiui bi^ndiiafiuf tixpraiMlH Itue tofli^lah of wotka 
of urt ilAttfil ia Uio wlieiioh? hJ?r?h!ii HUAc-ht-^tl, ttuulo twrt om] mnrkeil 

"EKlitblt !.•' 

tx 

iJJTWTmJT OT Fpsoniq C^MFLETJUin or TfIK ^'AtJonr^ QAlXEfiT or AST 

IVndJnjt the of tlir KbiEodjiI fTallery of Atc, mM eulltieHoct of workA 

of art ftiMU fcnuito: In the caatody of LLh iloiiori Diirtioi^ Noch jif^doil of ouidody* 
lhi^ dofmr vLU mn for oLI «ilLil ivories i>f irt, ami wUl ki^ii fho ssme la^arvd In 
furor of Uio InstlTiitfou jpul tTie< truMtoi^o, ua ihMr roafiocUrffi Jiifvr^alj nuiy BpiHiar. 
figaiwt ki«fl ur ilftnutcff by fIfLV lluifL or toiri;lAty^ ki mmb jnuomits (wil ivUb 
Bqeli partli^ aa thi? itoaor, in |ia 4l^r«Uor^ may iletpniiliiL^ If nocl to tbo oxLcot 
ihAt imcli Lnsttranco omy ho obtAltnihliL Hie dorifir oIlaU jwy uLI coetjif promitiniii; 
MH\ otIWT rhsrjftoa to inch care pin! Instimnrr. CiaoTi ilio romploiion of 

Uio Natlrkfmj OalJfir>^ of Art, unii! eoj|E>ctjM4i rluiU In* tlottvikOKl to the lniiilifi*m ami 
thprvafter HhPl{ reiufllD oiHhjr tJieIr eSfclusLro wnlroL 

V 

fABBLior w tmiL at^p wriELinra rofl< 7 rto!i(f mcrritt^nN aivo or ywuwimEB 

I'offhit^lih npoji ihn oswttitloti and dellvefy beri^f, itw title ta eniil folt^ilioii 
of WQtkn of Art fihmU. [iiM» to atMl U‘ tmted in the Institiiaoo. Whiin It la cho 
liiteiiiloii ihKL Ihtr Uilo in suld wortea of ort pluilt hv fnwrr ichI-nI 1q ilm 

ypt It Is nlso iho Intontlnn of ibe petrtj» Imreto^ and thfn gtft Ik niiiflr 
tttKin the eiprvw imdcnitiijidtiiff, n^riv^nkriif, nrifl im*L, that froEn and after tlin 
rmniitettou of ttw h^ptlonoL Galirry of Art, the HC!nTa| emtody^ control, mtniaBt^ 
m^iif, mid uhlbltiun of taiid of nrt- wtill os of mu± other works of art 

In floc^prilftiN’e With iho prorlhiioiii of nmhl Joltit rmtdtitlon; ffcjn tltue to ttme 
imty Ix^ bansH^ or ritilblioa In wnUi Nutlutml GEtllery of Art, iiod nil thr detalla 
(KrtaJnlEki; llifroto, kihnil be, and lieretiy aro, di-loKnifd lo nsd tented ffolrly, 
rxelnalvely and forever in lUv irtiilettH. 


VI 

ni^JUT or 

Sohjoei to till? pruvlMtuPiv nf iUla (wi-tjaii VI* tho iiitlil ootln-thin of 

worka of art bhnil alwnya be koiit In the Oailcry of An. and notta 

thereof shall tw removi>d fram paid huHdins nr fnim tJinlr in^jJJiiss th«rt?lii tmni 
far msmt rnttsotm 1bcref»M"* such aw rii^ialra to vnld huihUiiE ormlil works 

of an, OP letntiOHiry vxhJhltlink of some of Ani^li wrirloi of nrt elwfrwhere^ ami 
tbpb cmlr ^Ith til* prior niiumval «r p maJnHiy of the viEflni WMaberatilp of the 
trtiflte« "the worku of art eoEirfUttiUnj; uiid eoUi^lUiii nbNlt m>ctvG fwh com 
nml atCiiiitlou frtniE Unie t* ttmit lyi shall be iiiere^ry for th^tf prwrTatJon and 
axhlbtilott, ihfltt nlvrayi be oibihitixl in said Nptlonnl GoDory of Art to spociiioB 
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nrniit«i-tii«mt. ibeiL oTfifrTn^nHn^ wJIl hviiiIcU^i; tmd bli^ll nlwuyu 1i« 
viilli iILipiIIJt in ninfirq^irlAte tfntTa, witli i4ilLnbl? »otUl^p» had wiili dw 
to Ihiiir iiid qimlltj- 

Willi* iTifi hmtft prtwkdy Toro^^ali/t^ thnt nU witrkii of tin cmv- 

stimtin^ mitd collecUoo nre of •bc’Ii hlffft *LiititlQ|-d of it^lKjHr tJiftl It I# raswiiri- 
IIaI ihQt Mtki± ni11«rlli)ii [irn^tiiniiy n-nuita lutupt nlii! Ih- a part of lli^ |i(>t- 
uuttULmt cdUtirUDjj un i^lilhlhon in ilio ^atioiml GnlLety of Art« tmiJ Ib 

list? ti[ir|HirC of thN th^ iknvL»r %l lUe muni? lUm? wiy^gbLw Uip Inuit- 

at lorocliT^lo^ aiiy In tin* tii 

to U)^ dlfTpoiiltkjfi nf nnj of lb* vfhfkm of iri coru^iltiiLlms miifli ivjiiwtloii niul. 
<^tisKi|ui?iiilr4 lii^ doimr nfiibnrl^ti ncid tln^ irtui^, \m% only ui^oa 

tbt* prior appro^jil of oiit liw I lion Ltirt^^faiirihs t^f 11 h> niitlnj xtirmlH'rBlilp at 
tilt? to ^xctkHJief or otherwise iHsixise of anr pnrtlniilar Tnyrh of utt 

llitin B puTt of RltU culloetlnii, If In sueli wtidm^P -cif by tvoHnti of sneh tillier 
ilLuptiKJilan llift tnifll^iw *rr t=>4iiih1etl to -nhtii-lo for Itu+tUiULmi, tn |h> aud 
lieittna* a T*rt of the t'fjlLiK^Uon uailErr till* Intlentiire, wma otlitir Whfk iif lUt 
ivhli'h. In tlj^ of tltir trtmtoes, wnnkl be * bUliLy fli^slmhle anialelLlciii 

la sueb cM>lk'eiioD. FinthenDott^T the Aamt rce*fib«(^ i\mi with the pan^lae 
of lime It imiy come to he lhan;ght hy at Itost fhrc^foTnilM of tho imtlre lonn- 
lietnhltk of trtiiU'^jk liuit House imrtJciilBr work of art, thru cNaiMlItiifliut n 
trtirt of ntlii eojlodU'in, ha# U^ime ii&in;illiihlif lau^wr to fei ii . ii|rT on. o twift -Jif 
fRtId eoJlecrUoiJ. nijJ theTC-fore the iloiior |j?aTliJes Llint tn Uw efeut thnN In the 
oplnluii fit n% li'^st Ihree'foufthe^ of die entire meml^fslilip of the Inislf^ any 
portlrnlaT work of nrt ihem n part of wJil colfectloti H not in krrpinir with 
ralil f!ollfeitoji tm u whole, ilo- tirmret^ atr niithk>rLn?cl Alul eai}>riwi-rt%i to irmkn 
tJiijiaiiltJcju therpcif tiA Uiej, lu their uiijUviiiLrolti.-d dbemliio, eLait iU^vm. 
nilvl^nble by Bnle. exchitngm sift. losn. -Qf uthum'^lfeL 

Vlt 

xi.ixzmL’^ANGR iHT TJiti nAlflatfAh oAUJCfiY iitr arr 

Tho t^adoiiiil Gnllory of Arl sliall be the t^mutiiejiE hcpine of tlib tiflld eoVlee^ 
I loll of workH qf urE hereby £li im by the dcrrior. It stiaJt he ccCclnel^Ply fox 
the ntoni^ and cJthlhlHim ef works itf hft nhil lit? nEluUidNlntllhh of the aJIhirw 
nf thu lTtpi|f?e& Iti nnler tlmt the xoUi?ctitih of the XAtloiuLl ilollety of Art 
hbnll ilwiiye tin mnlnliilnf>i1 al n Iil 4 h KlJindDnl nof] to iimmiit tho lutrcHlorltoii 
rhor^'^ln of 1i|ferl4>r workfl of nrl^ nu wqsfit of htt ehnll Ithcliuleit Ih Tbr turr- 
nuLEuiut imliecrtlou of the Nath>iifil Gullery qf Art iinlf'^ ll he of ^mihtt hti^h 
^hiiiiiiini of ipmliLf Iti ihm^ in tho ^'tiUeclIon l^nrehy ^Iren liy the ihsour. Tht 
UnlLdtnc nml the centimte nuil iUi-re«'>f vhnlk at ntk tinier rTniulu in 

thu exrhiAivu JiirleiUrHoti nnil iHnitnil nf ibn tii nmirilitnee wjih Emch 

hy-Uitini» noil refniladDiui ita they from linie if* limn R^mll preocrihe. 

Ic 1* nn itiodliioM of ihr Crm^t of »a]iI ir'oUertlon of wnrlm qf urk 

ticrotiy erraltil. ihiit ih* falih of tint Unllwl Hlulea Lii Iho^ uu enniplt'- 

tJoti of Hie Nutloiml llptlh-ry q< Art hy tlwi lu uccofchmce with Uio Lunua 

of Milil JfiliiL rfButotlnii Bnij I he untUlHhlou fmin the iluimr of the CoHe^tkih of 
worka o( the ^tatoH will provhTe such fumia is nmy In? itt?ix?s«iry 

for the opkcffp at ihe Nutlumil GnlleTy of Art nm! Ihr ndmlntHtmtl^n npanve* 
nnd twin of opetutbiq Ih^rpof^ iTK^ludlrw th^ protr^ltun iitul inn? nf werkh of tin 
ue^uiml tiy th^ IkAnl. m ihnl ihi^ NHUnimt Onllery ul Art shnD t« m oil times 
properly [uulnEiiliii*il iitnl the wocka ef art cnniSlGL^ tliorelii slmllvbe rylilbheil 
regnlBTly fti the iieneml lualplk: free of chnrie- ^ ^ 
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ANMJAL 1L!IW>RT SMITIIKUNIA?! INSTTTllTlW. llflT 

till 

TIIIL T11t29TU:il 


Tbe inMtm sliBll nlwikfli l» Uvi lese thftn oiue perauiiWy of wbciiii o tninortty^ 
tlici ICDOtru lift toi'ony’lo ■tyilt htf ll3i> tlnltRS of 

Un: luntlmtlcifiH eKnffl^lo, anti ilif whuw fl funMIlf kuMWii sj 

fleets, iMW lir ctrj^o* vf Itrii Unlleil Jiuoe ^*f wbi>in it llw tlinia of 

h)w or Jiftr dfittlnn lo Ihe dlOrr nf I ruiUi'o flmll N hh of^i^ or Ptoplcijriw 

ijf ibt? TTjdtml t9taU>« of iflfmsPT in tbe vlIVi? of iJimrcU- 

fjj f^Aon of tilt fixpirilloo of tliii tinii, ilmthi rtfilgitillMli iJf ihv 
or othirtwf^ hrjwm«v^. n3iJill W ailftl Uj iIp* ^-ktrildn of h in-WW 

Irj u nujuriri- of Uiri nriitAirUiitf iniifiii/s 

IX 

Ott U0OlTII=JLTtOn Of nil* IWOOIlliU 
{n) Ditring tbo oxSirmitc of lh[^ ^loitiar 

Ax nnjr llnio mail froai tioit- tti Lime hereafter^ with tbo of ijio Iniil^ 

lalloTu thw* iniilen, siiil Hup Uofviirr^ ibii irtjNi Hiilriitiin; be 
ur iij;i|ijilif 04 iTi 3 ir 4 j 111 iny trejiuet m Uie parLbs hemo luo^ ilcEifl 

lojviaiblo ut oecpssEiTjv wlikh idiMii jioi hi.^ iff HU Hj*/ p^ia-ml iJijr - 

out] mrxti^ nf ibis trflil inciHiiiiTo and of the ftald juiut rrHiiiitluu. 
f b> After Lbe tomlmitiiiii of iIpi!* iloiioi^ 

WhtlB tills liUAl Lmlf-ntorr is I'nteml lulo bf llu' laertfto ^llb iLu^ 

hilduitpin. suil U U tbo fftijport btreof, ilmi Lb€ imit ennted ahiiJJ 

bo htiinlrJHiDrLHl BtrleHy in wt’i'^rdaiiw ^itJi the lemfl, iirvirJidoiut and con- 
ill Ucido of Hifi liifltiarnrt siid of wmid >lnt irjAiltitiora^ tiii^ pnnii'« tiercto roc^uiiv 
that Tfitb iho (mtialnfr of Hm* snil clirtnfpHl c^indliioiiSp •omr mAth t«nnit, 
impt-brioiiji, or o<\odU1oiui may Uwaie liMmnvystb!Lit nr UnjMAJbJr at oJswRtTijica* 
iir tlio oliBOrmiiL-i* thortwf uuiy tK^uini^ to Ibo i^rliiiaiy iMirjKWiO vt 

Hit doinir \\M tUe TCalbinii] of Ar% nod the contentii UierwC Inclcidloti 

lb*} donrjr't roffootlon of world of uri, iliall ar oJt tlmts br H^iLllabto for iliti 
l^rnolLt ittil ijf tlh^ inildlo,. or ititiiflitoiiit or eondl Lions, nm now thnimlit 

of nr limdeipiuttiT [irorJdod for la liili Imlerilurp, nuiy urii«« iod tbr- iimiH-t 
iiititbinlif i rtllfin of Iblir iruAt rnuy mjiilrA mith enudStJoDA or AltiiuMiitiii to W 
luid nfArtionlly demit wtUi, And cniiWNiiii^iicty, Ibn tmrtiiifl bomo ni^TOf! 
nnd rTpn^ly pTovltkr ihni tf nt ini' rlttw and fmm ilmt ti> timr, biu onlj^ 
iiftrf Ihe tefmliiitbrii of ibr A, jhlrllun KibiCfltbmBj mznl CUArllnlklr Trdttr, by 
liie tvi'cm i>r Oui^ tlisal of truAf crvuUitje »tiiili iimi or oUnrr^rlj*, 

Ilf tlin rjitLra nn^ndporphliP or tlii" tnjttL^ Btid IhiwCfmrtliJi of liiir nihro iituriH 
bor of ilia nypi'aiii or ollitr duly ci>EiFUtiitfMj ptraniln^ tindy of ihe Duftlliip 
tSini aim 11 fio of tbr oiitTrloii ihof In onliT noiiicrrlf to Hup NalloiiDl 

OmlUMT nf An ui^tl ibi^ alte mtitl [^larkk'td^ ibrnof In ibn lurt^fvmi. uiid tm ilir 
rHki4i>de td Uie iiahUr, tkl* UmJkbIuiv kif tmiPrt sboiiia Lie mil of 

nnicftclM Ai fesperEA inr of Ifn tmiiA, pmvliiuiiiL or ^^nikiiltjnfui, or ihiJiild b*! 
MUpplemonted ho nn n4up|iiiitolj- to |ifovlik for nrw condLiinctp nr liltintloDS. 
llM^ti fiful la woHiT *mrti ffTi-nt tbe^ tnisiK^ wjib the npproral of ni kwim ihm^ 
futiriJui uf ihi- entlJr r^ik^bmlil]! of Ut^ tniili^ siid Ibr Kosiltnlion, imt-msTil 
t£P Biii’imral of At tfim-fonrUiA of Lti Bourd of lEi^uLi or iMhft duly eon- 
iUtutiNt nutli^Kltj, idmH luiTtr ttif riisbt. jKPwrr, Aiitl uuthoHty, by tuiiidemomiiJ 
Indcntnri', to isiftot niEf wjch alt^>rntioii, jn'iidllWntrr>n^ or tunoniliiHiiJt UvtvsoU of 
snpF|i1rnient hiwvta*prnvliled tio'wenrr^ tliul fio qlleruirion, EbodUb-ntlont or siuciid- 



RKi>OItT OF TilK $!l>X'Ritn'AII1f 


15 


iiuHl of llili! trUBi ludoulutv, ar nigr «iq|i|d<riiii»tit irtinvof, ultal] iKt mud* whkh 
s?wH Ini in TloTadtiii oc the iirr>ib>loiu uC KUd Jotet nwluttiiq w of fnhRO 
net of CnnsniNo ndutlng «> U^o Nulfoiinl Oaltei; of Art; mid iirorliled fuHbia. 
that In hti event aiNt tmder tio areaRntnsiv ohall thlJi tninl liidimtoie tw 
Blteml, mcidUlr<). Rineiiiled, nr Mittrlemeittnl n rv«|«et* Um proi1iilofi« of arttvio 
▼in bmuf. li iNdiqt tlio luteDUob aiu) ow the rjipreH ocNnRtJnnB nf tho 
plft ticFCbr nintlQ Iv the rUinor Uuit I be trtirt tULiet/^ enmird din II fN-rjiettiaUj 
Im irdnlnlrtmd liy tmsteeo coiwtltQicd to aoeontitticv with Uie provlelaiiB of 
Vm bmaf^ 

For (be tiurpoee «f tbU eecttOA IX. tHo A, W. )fidi»n KdocaUetral end Clwti^ 
tlaWe Tmu ebaii iw randimlrdi- ibiOKiHl le twve l»vn (imntiietrd If thn>e- 
fonitba nC ttw mttn rocuiltrrslilp rtf the tnuteei, aftor eodh cairafet InqniiT 
a» Uwjr ebatl disiim to ho aiiffirdoBt. ehnlJ he nf the oplnlffii tiint aiieh tnut no 
Lotus^r TCHitlnufti In 

In iriliHW wbcriGot Uw A, W. MMm EUtieatlannl imi (nmrUnbN^ Tt^mX bw 
racLAKt tbfip Indanmre of iruive fo \m curate by thn hntl swiils tbrt 

tTtuflm ihtrwjf; ttw Si^thnoiliilD loittMltlottp fc n rewdtitiom tXillT 

AdoptcvJ bf tt> Bcar^ fif RegurtlB, ruv t|iJ* irutmturfi of tniflt in he 

dlpiLil (U34 Xt» iiOk^lAl wni tD bti hen^ihnht AflluTd by Iti ihfi 

trwitm Of Iho NuUudo} OiilLflyr of An h*r# ontiwsd ih\M itiilbitliire ef imwi tq ho 
cF*mit«1 by fTio ftiLD^ and ««Hli of tlw jiM n? of ijny and joiiy 

fiiwt Atmm wrltiva, 

Tnw A. We Kntt?ATto?i 4 L 

AMO VnjmrAftiM T»w, 

Jly Airw.w W. 

FAijt h^muan, 

DaifALD D. SllOAfEll, 

Datoh K. 1L Bhui:^ 

rntrr^f IbrpTif/. 

RNmibOUtASl 

% fSI|an»fi!> tX th AjubitTi jSTcwXorv. 


Py 

tSljfntKj) 

IBiKbtoiy 


Nahlotai,. iUumT w Aiit, 
CnABr-TA Eva^m 
riOKIftCLL HcrLfc. 

ITcmr HaRric^TiiAiTi Jr,, 

O. O. Anr, 

A, W, 

Pa™ KL K BJXT:dv^ 

thlffCiAlf Ffiiixim 
S. PaIUPCII flll 41 £irT, 

JbipFAi.fi P. fturrA«n, 

Tnftfi'et thereof. 


A\ tliw ^iTiu fiicc^tjEig of tlw Bobnl of R^frent^ die foUowkig gmila^ 
finsii ^roPb Hp^xiinted ns j^pneral Lrusti^ nf ilie NfttionU GAtlery of 
Art: 


Ur i^aiuld D. SLopaitle for the lipnn expdrlne July 1, lim; 
Mr a. PnrkpT dUbvrte for tho lem f^plrlns July I* IJMl; 
Mr Oumui PtUllliw; for ibo fspiring Jiilj I* l^ia; 
Mr Oarli] K, fl fqr thn u-rm q?cpliij:tit;^itly T* INS; 

Mr, A, w* for tins tetm qjt|drfuit JuiyJ, IIHI, 
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ANNUAL REII'RT SMITHSONIAN (NSTlTTmON, HOT 


Following Tlib final s!t<?p in the consnmtimlinn nf Mr. gift 

to the N{iti<in, work was [iroujptlr on flic ]iitJ|iiira(i(in of flip 

idre. The i^'lcctcd for Lht* \>iurding by Mr. McMou was tTobn 

Ilusaell Pope, Uie ercliiUiict for utany art gnUcHce, muBeams, uurl pub¬ 
lic buililingn liore nnd abioHd, including the National Ardtives Build- 
iiig, ConsiitutiDK Ilitll, tlic MA<Manc Toinplc, and oTheps in Washing¬ 
ton. According to Mr. Pope, the building will follnw tlin finesrt trads- 
tiotis of American architectiitw and wiil be corefiiUy sealed in pro¬ 
portion o'itli tliQ surrounding buildings. ConstniccGd of marble, the 
gollGTy will bo 8Si> fwit long, alxnit 350 fuel wide at its greatost mdth, 
with the central dome 150 foot high, Mr. Pope lias assured that the 
building will iiu'iiqionitc all Die licst fcatui^ uf |.hi< o'orld'^ art 
gellorii's, and in ceriaiji respects will be in iidvain.io of any existing 
gallery, nntably in rclarion to lighting and in proTisioii to lessen the 
fatigns nf vidtors. 

Bcganiing the colEoction itself, which will bo installed in the build- 
ing ufwn its completion and which will form the nncleiis and eotah 
ILdi die etamlard of excellunco of ibo National (jullery uf Art, the 
following brief description wns given before lUc Hmiso Committee 
on tl» Library by Mr, David E, Firdry: 

Mf- hitfl lUln ixthotrllun lur UiorD Umii 40 yt^TA, 3t It nc^t 

targv SA rpgnrdB the tiltmtN^r of itlrtonss. It ccntali^fl n liiituired 

imlntUi^ But tn^ctleairy uU urr Imnorfnnt^ for Mr. Mellon 

hull to hiiy nui otily imiutiuKs by tho ^iMient muHtfmi, hut aImi the t^fa 
of thvtf 'wetk ohtnttuililA, A» a. wtiri ilu^ cuIIiks 

Man—Aiitl mniix of tLb iMxporN In lliS.^ f^ounlty nmX Euro^ib hnrv ptei-u 

it—lA itnriftrt^sed with thi- pxf^tlonnl onaUty of tto pJcitir™, 

* « * * * « 4 

Iis rtins?i^ IL f'ovm nW liatirirtftnt iu?|iool» uf wMlc-m t^nmpdnrt imlntinff 
Tbp ItMllAo wLbool ia tiorticiiJarly wdi re^rf^-otcHS hj imintrrpi niwh 4* TinphRi^h 
i'trti^iiOr Ffa AtlDclk'Oi TKIuil BcMLiil. AEtlotaf^llu i\i Mo^^Ieui, am! hj 

nicb ware Jinrl enriy [FiaKlcrB r 9 <>Lniiibiic, Mn^c<^o, nncl Ab^tm ih'l ConUiptnui 
Thm Ip 4 njmiillots Mnaotinti azicl (Jhihl, In (Viunanritioidr imrlf lo 

tb-r tfilrttbcin^h ftfutury, wtilbli tJii^ ™lb*t'Hfn< Impb tu ihi^ muin'<i of 

art, olsd wiLb Lbe oLbnr juiii;LLiij£6 plvn m bb^LorlL-nl io 

<?o||«tloiii thMt wJU l^ror^r rcry rqliinriilr to 

The FlriTilHh m^htiul Is by mmt of ttii girntc^^i Lmhirnnt, 

with th4^ Anniinclntlrin try Jftn Tiin Kyck, and cr^titlnnliiii ifircpu^li iMnu 

tlofilor Tan ilisy Wo>‘floiip HrTtlUlu?. <k*nin! Da^'ld, nnik MMlItra ’irirtl 

twif jimEuIlIrf^iit Rulmftri ftoni liio Uf^mittnjre Ualii^rj mid tlirwj Van Ujrlui^ 
lorluiliiq^ tlio oXt.'OfidoDJiUy ^no portmit Ifttlltod Lli Ginimi, of Uil> M(ltdbia94 
BalliL 

In thK T>tit*^li i*f*hCK>l thttt^ ftfe sonant] oauimirtliife oxiiiruakv of H^fiibaiinSt 
ami Fimn flnh nod ihm Yrrmi-^r?., jib w(*IJ nii M-Vf^tnl anrf wmt* 

by IVkiiiir^T atnl ijfo forth. 

Tlio S^Mnlab tfofarin^ thi^ |Hjrtralto hy XVlawnn*, uik' of 

timiPCtriiT X frijm fho H^rmiiiif(o, Ih-Liie rHirtliruInrly tmmirliiiit Tlu-ro (ita itino 
foarOoynR iiti' *i1 Gn-<'iw, irlitiri ihp Orrmnu qoil Frcuicb s^iiiclnaa Indtklr^ 
fiKli Jiaiwrfl a* ItolU^Ui. lyiHft, Bfid ciinnUh Tlifr Hrltlwh nJhkpI In oiilte 
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lar^ly rtjrrej-t-ntui! ^\t»rkR of Oalnsfrofcrtijlli, 13c>^nc»ia». HsU^Uun-L Rmniio^, 
EjfTrenjeti^ Iftipio^r, Tunwr, artti 

Iti LiilijJtifit) Mr. Mi-^lkiD tiLM> nnnilr^r! q ttomhcr irf 

hy ijni^ejlHiil Auivrlnin vcdi]lji*r«, ^ucJii itji OlU-i-rt ^niurL, Uop^cTr. 

Hiiltr. nnrt othors- lie Ikjel^I iUjm). In \bi cutlrotj, ihh Clqrko iviklvolldu of 
Amtirirflfi tK^nmlts, mntaliLiDg woine ItP iKiintLc^ hj prnctioillj nl) i?tif i-«rUer 
vreil^tHivrii AnnirkTiJi [hi In tom. ^tliU wii* not 4onn isrith ihg tdi?ti tliot thw 
f^houia Ko into ikf? Nnllyiti^l OnUonr of An^ linl mtTitf that anrh an 
flattnMo Hutl uf p-^lirriiT nr hlritoric InfoneBt sibould furm lini uudnuH of a 
Natkioiit Tortnilf GnUf^py, wnlcti should tie oiJUn 3 ]y illfftliict rrotn thr nrt 
linllvry mill wniild hr> hotiFo^d, oTKinttially j*t h^ngt. In Im own hnUdlnj^. A fnw 
ot (iio iiiiMt of thivw TioFtTnttq. liairB ihr trrrffitc^t mnistUr mt'rlt wli] 

llml ibfllt ploci' In Uii? art atiiI will fmnn H ^^jijrrw'e u, tbir 

ttrll^ orT of Iho ofi^JU^ontU wiitury rL-tirf!t«fihl^ In thn coUtiodon^ 

Thom iBinjtt ono othor maitor limt t imMt moiiUoii. Mr Mtdlon'a Idai hod 
U'-irii orl^lnnllj thnk iho gallons should ho Cor only. Thro nu oppop- 

ttuiJCf cmufi to liqy ihp Droyftwi cvllcrtiiio of RifnalpaniH-o wiiliilurr—it rnlloctlrm 
Rmt Ijjd bocj3 In dio rcuLkiittK In TnrlB for trutny yvam arul InrlmliHf ontiiiaiidlii^ 
workj hj Mtp*b Emtit Jirtlstg nd f^nnOf'llo, Veritkrrlilo^ 'Draldprly do Sedl^nutijo, 
Lnro dcllfl Kohtiln. and othum. Xniurally^ otirli nn ohlKirtunlry cNjiud tint 
tohiwd Hial lio ar^iuln^) tlw?^ »inihittTPi?iv Ho niJ^n bonaht iwo vvry Imt^rlnnt 
ton?c brc]nz^<^ by l^BiuMivIhf^ A nil n Mmitry Ivy Gbirttniil do Bi'>ktariap nil of 
wlilch M31 dtoL Ibnlf |i3o m tu t he jipw pnllcpT. vithat wltU Ibi^ luilnilti^ nr Pdir 
llirm. 

This iT|Hirt cnvtsre only iJis yesr ending .Tnrio lt>3T, but to aii- 
stiglnly the next fiscal y<;ai-, T iiiueE wwnni hem with pro¬ 
found n>gret the death of Mr. Motion on Augusi 2<}. lltAT, and of 
jlfr. Popo on Aiu^sl 27.1037, It is imlced tragic that tlnssu Iwo mcii 
could not haco lived to sec the oottipklinii of tliis sjdnndhl pro|oct — 
II remark u'hicli will !» tnitcnted hy ninny of the luiltiuits of Ajiieri- 
cans who in futum yeans will enter the NatJoimi Gallery of Art to 
lietirfit fnim -\Jr. Meiloti's imlrjotic: gift to tho Nntion. 

nMioszi] fiuiTuacifri.ttt ii.uj.eiiy of sirr 

(>ii Altmdj 1.% r.PS7t a joijjt i^osoluUon was tntnHhieml in the Ihiitse 
of B{‘]nt>^iculnlives by JJr, Kellor of IllinoiK to edtahUsI) a Smtfh' 
sonian Gallery of Art for the pmp»w hoiutiiig ntul display of tho 
nntioiial collotiUotis of fiuu arts. 'J’li(^‘ tifili^tiona hat© been in tho 
nitHttaiy of t.ha Stiiithstiiiinn InstitntioTi for luiuiy years, and suico 
JthitI liitvc Iwcn adminL-itervxl by tho Instiintion ns a Goverjiiiumt hii- 
rv«n olhcmlly desigimtnd tlie National Gnllery of Art. Larking a 
huJJding for thoir puhlic riiliibiliou. thr!a> ^’ah 1 nblo art eolliwiions 
tiftvft lietm slniwn in ilia Natural llutlory Building i»f tho United 
8tatos National ^Iiiseum. WHJi the cntnLinn in 1!J37 of (hr now Na¬ 
tional Gnilevy of Art. as « i^uh of the ruiMnliretit gift of ^^tnlmw W. 
Alelfiiii, the Siiiilhsmiinii gallery wnA nlTiciany rDnaiunl the Notional 
CaUrctiun of Kino Arts, It is for (.he jjjnja'r hmifiniJ oY this collec- 
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tion* now Taluwl ol Mpproxinuticly $H},fX)(),OCH), rhnl tlte ftreffitit joint 
nsolotion provideft. 

Tiiu rMoludon sets tisido a tract <tf land un tho Mali botwtjcn 
TwnlfUi and Fonrtesiilh Sttwts and Cbnslitmioii Avenue and North 
Mall l>rivfl; crates a Smithsoniaii G»llitry of Art CowwiiKian m 
mahe pivliminaty inrtsstigaitons and obtain designs for Ihu biiildiutr: 
nuUioiHzss tile eppropriatioti of ^,800:(MX1 for lliii buildingi aulhor* 
iacfl annual appropriations for the mainteiiance of the gulterji and 
states ths policy of tlia gallery as follows; 

sect I. It iliall he tltepoUc^ of the satlfstf to pialniala n mrttij ttawlnnl for 
the (tqcefitiinwi of art (itn)«rt» *'* ealiUiltlon la Ihr SaltliiioHlMi GnUtar uf Art: 
tw fosKiff Iw iinhHc nclilUllJoiia ffam (low to tlmfl Ifi Wahliliifftott mhI oti)«r parte 
at liMf Uoltod Suil«t n fipowiiijr public apprecIflttDD of art twtb of imrt athI too- 
lumvwrmrr UBidi anti fqrthtflf, ae finide *ro maUolile, to ctirotim(?o tlie Je- 
rcTotmenl of art by tbo isuTchiuie of worthy ciAiiipIrr of roiiUmiKinirr or oihw 
art worlte flnit (o lartte Um rrlrnte iJattAtlun of ftintla tenietor 

flstf. BL Ute SmlLtuonlab GiUlrrjf of Art ehall be under thu ndmlfilEtnitoa of 
ibe Itopi-mn and Sorrelary of Ibo SwUlunalaii tovtlrudoiu 

The nafoltrtion did not ptus tbu first seailtm of the Saretity-firih 
Congress, imt it U hoped tJiat favorable actitwi may Ijc ttdtati at this 
next sosdoiL 

For uincy years tUo SmiLhsonian Institution has urged tlio con- 
strtictlon of »ituUabJe imilding for tino housiiig and pubtio exhibition 
of the art collections belonging to tits Nation, llicao collect joiHb 
contain many works of art of high quality, mainly gifts firom private 
citizens, and then) is no doubt ihal miiny more such gifts would i» 
made wero prt>per exhibition space avnilable. As much of the C4)l' 
Ifclkm as poadbltt lute bcon sxliibited to ttio pnblio in dio iialls of 
tlte National Mitsoum, but llm availoljle gpaco Llioto wtis not siwcifi- 
cally dbsitTted for the display of art worlte, and in Bjjitv of being 
ovorcrowdwl, tlm iqmco is entirely iiiadisquatot so liiat numy things 
whicli should Iw on oihibltion are forced! iiilti storage. It is lHi* 
urgent Jiopo of the Instirntlpii that the jjrnjKised SniitltHJiiiaii Galfery 
of Art. may hocomo a reality in the near future. 

It will in no sense bo a dnpiicatiun of tlie newly received Natioimi 
QalJery, for tlm National Gallery ia restricted to eloasic painting 
and Bcnljitnri', leaving thr fiobls of National oollecliofwt in ctcduiu' 
pomry art of all kinda, {lertreite, jewels, glass, tapestry, and other 
kinds of an nnptovided for. There is already a largo naliotial 
oollectiun of such objects, and every reason to expect great inercogfl 
if a nntable gnlluiy ivere available, 

^ SMiTVi^MJK xinm i’Biinwaw 

Tlif Smillteqniim’s newest activity, its woukly radio brtmdcart In 
cooperation with tin! Thiitetl States Office of Edttratiuri and the 



kniHinT np TiiB f;B('H«a'Arty jq 

NAlloimt Bmit(lc<u)t'nig Co,, has now niierntod for it full year. Tlio 
MrtGi!^ kunwt) p9 “Tlnf World ib Ifourtf*, wa® inilktpd by" llie OfBco 
of EdiJcftUpit as parr of Ihe radio iifuject uf Ihe Works Pmgwisi 
Adminiflirntiuu* fta [nirpuaj ws® to tjring to the iwopb of llio ntdtwl 
States nwre of tLo wcnllii of ktiowletigu snd vitally intoi^tiug iti» 
fonnstigii on tjie oartli mtil its vnhnbtLattts arsilable in the laborB- 
<orii« itnd exhibit Iwlls of the Smithsonmn Institution. Jt vtas 
fitnlier iiiEeiuIed is h pioncoring exircriment in oduoationji] radio 
lo detennine the most otr(*(jf.ive jncaiia of presenting to u Katiun-wide 
andienre solid informtion in & fnm that ^ould hdil tlte Uetener’s 
inrerest Before lisLiog tlie litlus of the Irroadoasits: and telling eoniO' 
rhiiig of tho Bmetss of the Bwiiie, it may be of interasi lo descrilw 
hrioQy Ihe series itself, 

IJifl character of t,Inj series and the stibjocis to Ikj oovorett were 
worked mjt in cfilluboration between the radio exi)otta of the Odee 
Bdueatinn and the Smitlisonian'B oditorki office. TJie Iwsifl re* 
(pureriiojit was that eauli eubjeci. nuisl be presentetl in drnniatizeil 
forju. Badio lectures and dialoguis ^la^■e apparently fnil(«d (o liold 
tJie fisteiier^e mtnrest, but drumiiip ineidcnlf wall writton and pro* 
dticcil npiHtal to listem-ra of all age grout^s- The subjects to be 
dramatised covered all pbaseg of the InEdtntioii’s iictivilics—seknw 
in tUl its lirancbes, ait, invuntinn, and history. AIkmii. half of tito 
year's In^adcasts wen? on SmitJifonkii research activities^ the other 
half Iwiiig biisetl on tlio aibihltB in the National Mustmm and Hic art. 
(tnileries under the InEtilutinira direction, Thu various Eiibjects wr?ra 
carafully platiiuH] to come around bi fairly regidar nHntion, so that 
those liatorieiw with dccjdet] praferei'bcss for one nr another feature 
could cmiiii on bearing their favorito subjects if they Itstcuod 
regularly. 

Tin; subject, nnw* Eclocled for a particular broadcjiut, the Oflicc nf 
EfliicaUoa'a i.x|»ort script writers oonferrail with the Smillisoiiian 
autliurily in Qmt Held, A ftnr jiraliiiiinary tr^^itrch, they then pre- 
}Mted the Script, which iviL*i carefully chf?ctod by the Smithsonian, 
J^ha acript then w-mit to New Yorlt, where it was proditeeil by Lhu 
National Broadcasting Co. in their Radio City Etudioa bv a soloried 
ensL 

Beginning on June T, lOUn, the seriiift covcml up to .funu SO, lOST, 
the foil owing subjects: 

J9M 

TlwStHtihMniBB, and FaiDoiii ... J.^,. j 

SctHiUlia Kx|il<n«tlcin«...^______ , _ _ Juno |4 

Ttia Suu........ , _June 21 

The Aeriirtcan tnrtlaD--- .. Jitno £8 

CS«timtD» ot LadtiM of the tnilto llcniim.._____July ^ 

’TnuiviwrtntloQ.._____ _ ____July 12 

___ *. ____ JuJr IV 
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Til* iiunmn Side »*f Art,,, —. -- - Jn\y 25 

Au^ 2 

Auff. 

m. 23 
Aus- 3(1 
fi 

Sppt. 13 
eef>t.20 
Stpi. 27 
Otl. 4 
t>i^ il 
r^t. IS 
r>ct> 2A 
Nmr. 1 
S 

Nijv. IS 
Kov. 22 
Xw^ 39 
Dm, e 
lArc^ 13 
Ottc. 20 
I>m. 27 
Jfl37 
dm- 3 
Jjui- 10 
dm. n 
inn. 24 
S3 

Foto. 7 
Ftfb. 14 
Fob. 21 
Fob. 2^ 
Mmr- 7 
Mat. 14 
Mat. 21 
Mur* 2ii 


VfmmiTiul M:_ 

Fowvr— . . ... 

TIjc Stnry tjf Mmi Ln Ameriofi.-, 

ToKiilw... . 

Pnclaili StanG*- , , -—^*^>*-*- 
Slilp ModyU--.*- —, 

Bird*.. ---- 

FKgbt 

Soul pi Mil* --- 

Itiit'el*---- --- - —- - - 

—-- 

ZoglogtcAl P«trk — 

tailbia P*tfOjtl)rplia - 

KirobitloiL of LiJo _... 

Eurly Mad.-. - 

WIiAt'i Now Ilk 8oi*M», .. ^- 

Ci>li)t And U(e (nwlUtionK --- ^—-^^*.^**. 

M injl mtl I tuft nufi/iTt lii — r-^ 

------ -------*- 

Frrot fSdtUsry - - ,—— - - - - 

Ufo Story of 


May* 

Clook*. --- 

StATUpi,,,— ... 

Tribi!# of Africa,-*— 

€U>1(1,. .. 

€31p^M9t Stupa to Mockmi linon-,, 

Ci«orign Wdflhtufton-.^- - 

AnImAin la Armor (iiioUurke]i.i.-.*-^ 

Pbotography--™,*^^^- --^ 

HraBSo*.-*-^* — - - - r 

Funblu —- 

HcalUi._ __ 

Enrly AinedoftJi InvAotora- 

lfm*qf Wood. .— 

Sohit ALOg I'-rpl Aiiiti Of I ,- -.. -- 

Slqryof Uuhlicg-- - , --^--^-*- 

FlibfS*..^*i*, r 1 =^^- ——-O'*- * ^ i 

Gollfitly All, CoUeotlfirti*.c^_^ — 

Caiit»r,,= --—**^*-H.^— 

Blnb, 

Muiutd BiflldcFB- 

Connndnicat!OTi, - - ^ *— — i,. .,. * - 1 .^*- 
ManaUfiTil ThoatrIcaJ Co«tuiii*t..„. 

SubU^rrancan Cavcnki __— 

[ndliui Atrowliflaila_^*_*-^^--A. 


Apr. 
Apr.^ 
Apr^ 
Apr. 
May 
May 
May 
May 23 
Alny ao 
Jmio 5 
if uni! 13 
Jue» 20 
Junn 2? 


4 

ll 

IS 

2a 

2 

9 

JO 
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Fr<iin t lib (Ju. broadcu^ts w<m» su]>i»l« 4 i?flnijetl by. briul 

iniiatr»tt!«J on tlift sttfijccta covered, iit tiret ifsnetl m niimua- 

Krnph^ form, and from Jiuniai^' on, printed as it sniflll inoidbij^ 
magazine. Oipies vraro maiJed by tlie OSl«o of Edncatioit lo 
ulio wroto in to miucst tJieiii, and tliu doJiiimd for the niaitaBiRa 
allowed a Ktouily ineretuo, ns foilowni 


10371 

Jannarj^ 
PrHmiftty, 
Uiirclt.,. _ 


CONOCO 

Ti^lKKi 


tmz 

ArulL 


-lUGlQUO 

125,000 
- . JB0,O00 


'Ilioi tlni suritK b by tlie iaithiLniiu^b iipiimvii.1 

of iLn Ufitunors as voiewJ in Lin* more tJw)) lOO^MJ lot tors reffiivwL 
Tim nlnumi nnajiintonu mail ajiprovul U iKjJitiVinl to be miintie among 
Huatnitiiiig progranui ntul is \Ksiy gmtifying to boLli iJw Inatitqtion 
and tlm OlEo* of pAlncation in jii3lif)'ing tlietr otfotta lovinrJ bturer 
odiTimtional radio. 


1 wish 0 f»niii lo expresei bore llie apjjreciatJoti of ibe ImAitiaion to 
tliD OfTton of Btiucntlon atid to tliu Natinnat Bruadcasl.itig Co. for 
making avniliddv iliis imniirjiasGicd means of carrying out iiu* Srnilh- 
eoitintfs fiumlton, “ilie did'nemii of knowledge among mon.” 


tVAt.lTB XATIIimN'K IIAOLiN TlUVEUXtl SCttULAnSlUr 

l"he IValtor Keith boni' Bucuii TrntiflliDg Scbolajslijp of Uie SLniLli> 
soTiiim ifiEtUution was mvimled tn June IfiStfj to Dr, Ririmrd E. 
{Iliickn'oliler for studies of the StaphyLinidnr nf tlie Wiwt Iiuliea. 
In mOb-ttti l>r JilnckweMfr ooliecled hjtecimouH on thr jidnnds of 
Jamaii'U, Hiupuiiioln, Puerto Rieo, St. niomoa, tlTiadGlonpi*,TriniilmJ, 
Tobago, (rrenada, CnTriacim, St. Vincent. Barixridos. .St, and 

Dominica, us previously rejiorted. 

DttriiJft ilm necoiid year, in Jum* lOaT, toUtJclions were nmilci on llm 
islajids of ifoutsormt, Antigiiii, Si. Kitts, and St.. Croix, luiit rcLurn 
viaitn ovro made to Puerto Rico niid .Tniimica. ft wna found lo 1» 
itnpracticable tii revisit Tlispaniolu in .spite of tlifi itnportatico of that 
ialmid in tti« reries. 

The collectioiin nbfninnd fitiiii the 31 monlfiB* field work inebitio 
more than 4ft,0(X) fimpbylinidn umi p>,CHld olbiu* Coleopteni, A con- 
sidcrablc part of this imuiLor were token by tlic itre of ccpilpment for 
niAxs cuUcction ivlucli woa tmed on St. Cr'dx ntul .Iqomtco, (Oti the 
lattvr ifdaiid Dr. BiackwRldnr ivorhod in l.■OTlpltlt■^ion with Dr. E, A. 
Chapin for JS weekn. The mllcctions ’frerc made jointly,) 

After finishing the coUccting Dr. BlacJj,welder retiimcd to Wash¬ 
ington, whoro ho prepariil tlio rtaphylimd colled imia anfl sorted tlie 
specimonis to gcntim jijid spedi.*s, A s«t p!Oiit4UnTng each's] wries foumi 
was lliflii prepai'cil to Jo* taken to England,"where it. will lie eomfiaretl 
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witli tli« types of Wei^ IinHan a»it tropical Aujcrittaji Slaphyllnidae 
io the collections of tlvo British and Dr. Malcolm Ctiinueon. 

The extension of the eward for n third year made fioasihle Uie 
additjonnl P months of Oeid work in Dr, BUckweldcr plans 

to Tjflit Culm for a w-cok in ilie fall of 1^7 to study ihs collection 
of Stapliylinidttc of Alexander Bimg. Tin.' reiuaiudcr of the year 
will be occnpiwl with the prc]mrattmi of a wiriaou of the fiW lo flOO 
sjKtcies collected or known ftvun the ialtuidn. 

stxTn AnTmnt uuTmBi; 

Tim sixth Arthur lecture, Discoverha fitmii Sfdar Edij>3e Expedi¬ 
tions, hy Samuel Alfiwl Mitchell, dirtmtor of the TA»aii<kr SIrComddt 
Obeervntoiy, pnivwsity of Virginia, was given in the Buditorium of 
(lift Notional Museum on ilie ovunitig of Fehruory d, 1W17. Dr. 
Mitchell, a loading anUiority on eclipses, has porsonolly ohwrvcd 
nearly all the loud solar eolipses of the present centuTy. In his Eeo 
liire he touchwl ujwn Uu? frequency of ndiimea and ilieir prodklion. 
facts learned from a study of tlw gorgwma comwi which actoinpanUss 
a total oclipoe, tlie itse of edipfleo in tlic varifiodlon of the ndativity 
thooiy, ond many other interesting ftHpeets of this grundusi; of natural 
plienomena—an eclipse of the snn. Tlio Wtnre will l» piddiRluHl in 
full with illuirtrntions in the 103T SmitJmoninn Iteport. 

Exm/vRATtoNS ANU rmj* womt 

Field expoditions play an important part in many of the Dmtitu- 
tion’a rcscordbcs in biology, geology, anlhropnlogy, ond astrophysics. 
During the lost calendar year ID ex^ieditions were in the held; the 
regions visilcd tncludcd, besides 18 States in ilio CFnited Stales, (irecn- 
limci, AUisba, Canada, the I)aliama.s, Honduras, Gmlemu-hi, Etiglard, 
Gemumy, Holland, and Siam, 

Secretary C. C«. Abbot continued at Wasliiiigton bin work on per¬ 
fecting an engine to convert the toin's rnyp into {^>ower. Dr, R. S. 
Brns-ler stndied tho geology of several classic Etiroitean areas and 
condiictcMf researches on fosail echinoderim and corals in Enmjtean 
museuma. E. P. Henderson collected opiduto and other minerolB in 
snuthoastorn AluFka. l)r. G, Arthur Softer stodlctJ and cuUectod 
foeatla from the Devonian Uxla of llte tnldwestern United States. 
Dr, C. l.cwiR Gasm conducted a auocesifiil ivareh for fositil mammals 
in New Mexici» niid Arixonn, Dr, Alexander Wetniore otudloil end 
coUected the birds of the Guatemalan highlands. Watson M. Perrygo 
and Cnrlet«|n Lingchach d)Hc!ct(Ml binls anil miimmiils in on area in 
West V^irginhi hitherto nnppresented in Lhe Noiivtial Muj^uiu^s 
coUecliouB, ll.’t.b Dingii^u made a roological atirvey of Ihv litilo* 
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knuwu vQMrnimiMt ilwtricia of North Slum, joutnoying tlmiiigU thw 
[>rovlui!«di of Nun aiul ChicJigrui. Cajit. Robert A. IkrtLfitt'a 1030 
(jceenlniiti expectitin?! vullecteii for the InstUticioii 8{Hi<;uuens of the 
miuinu pkot end niiimfil life in tiio seoa iilong tiio oiust nud uorUieasi 
ooest of liroenlaiidi Austin IT. (,Unrk coiilinued lu9 e^Tuiiirttivc in- 
vestiguliou of tho bulterily fuimn of Vu^Iiiia. E, P, Killip collected 
series of spevhucjis of the tlonv of the Floriiltt KeySi hiLherto p<i(>r!j 
represotticd in tlie NstioiiBi Horlmtiuni. 

Dr. Al^ Ilrdlii^hn i-^inititiiu'^i hie amliiHilojipca) Intestit^tions in 
Alttskn in comicctlun trltii !iis stud^ of the origin snd carljr inigre.* 
tions of tlin Axnericari Indian. Hcnr^ H. CoiUns, Jr., cuiiductod 
nrcheoJogicnl inveatigntioiis in the ridnily of Bering Stiidt. Alaska, 
to eoonliimte tiie reeults of his previous work at St. Lnwrenoe LUatid 
Diid at Bart'otv, Ucrlwrl W, Kriegor tninh* an .ireheolugicul tvenn- 
nubsAtice of tliu Bidtnma falands and oaenvuted prehistoric 
6tUa on five of tlw lar|^r iwliunlij. Dr. Frank H. II. Boberls, iTr., 
co'ntitnied tits invoiitigBtiona of tlio Folsom coinples. muinly at tlis 
Lindenmeier site in norlJwm Colorado. Dr. WiUtam Duncan Strong 
lod iin IIivhcological ctcptnlition to northwestern irimihiiits, excavut- 
ing sites on the Ulun RiTor and at Ijtlw Tofoa w'hii'h gaTO a 
graphic section from the historic occnpiaioii tit Noeo, through tliu 
vurioiis fHiJyuhronie horizons or» the Dina and at Tialto Yojoa, niuL 
dovtn to I lie PI ova de los ^luertOQ ctilttire wiiich ttndcecfed iJie 
culture. «!. X. B. Ilnwitt contititicd iiis studies of tlio League of tlui 
Inxpiois in New York State and Ontario, Canada. Dr, Julian H. 
Steward made tin ellmologicul reconnaissance of the desert Shoslioni 
of souifiurn Idaho, nortliQin Utah, and u part of eastern Novmla. 

I'uinjcurtotta 

The ‘^ilifl’ttsion of knnwlntge”) ona of the institution's primarv 
function^ is accomplialied cliioflj through its several series uf puli' 
llcatioriii. Ah is to l»o oxjxfrttHt ftxno ili* imtiiro of tho Institution's 
eciootifio work, liie largo tuupi'iiy of itn pnlilicatlutia itre teclmica! In 
dtarncter, ptixaiutlng tin) rvsilittx of researt'hoa in natixiphysicii, railia- 
thui, geolo^’, hjologjf, Htid nnthmjxilogy, The Sinillisnnian lumiial 
lefHirt^ howovcti la interidLul primarily for tho hiymaii, for in it arts 
prui^iiitHl i^acb year a eerier of nnderrtamlahle articles written hy 
recognixrd authorities, which (oguthur DOiixtitutit a survey of ad' 
vancQB and interegting dcrolopnwnt* in nwiiiy nil branches of science, 
'llio wider diffusion of kmiwlcilgu is iiccoinpIialiiH;l hy a sj'stoiri of 
navi's releases fnruuilini] to morn than !it]0 ni‘w's|m|»ers and press serv¬ 
ices descrihiiig in popular form tlw InsAtiitum $ rtxwarchiiis, expoih* 
tiuns, and pitblimtioiut; and rveentiy by a weekly,nvlio program 
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dramatizing the work and icchthils of tbo Ituditution put on tJiif nir 
thmuglL ('be coo]>omi.ii:m nf tlie Offiw of Edneatinn, the Works 
roaa Aflnitnistraiion, (lie Nttiioiiii! Uroadeastiiijf Co., and the inatitu* 
tiuii’* editorial tifEoe. 

Of tlic 60 vobniira ami pampUlelfl imbUfilicd during the year, 46 
wero ieaiied by the Sniithfioniiui proper, 6S by 1-1 u> Nstioiml Jlueeum, 
nnd @ by tho Btirwiu of Ameiitajj Etlmology, Bcl ails of these vari¬ 
ous p^bticatiiuiu ai'C given in tlw iti]>ort of tile editor, appendix 10 . 
Tlie total number of copies of publications distributed was mi8Ui 

UDBAHT 

The Sndtlifioninn libraiy wmi] irises 10 major and Sn minor units, 
which together contain a total of 876,522 volumes, pamplUats, and 
charts. The now acccaflioiift for tlw year numlKrwI 11.401), must of 
these coming in exchange for the publicatiuns of Ilia Institution and 
its hcriiiflhee. Tlie library recoived many glfta during the yatir, oui- 
sumdtng omntig which was the Iniatiicul library of the tale Dr. Frttd- 
orlck V. OoviJlc, nujiiboring items, ptT®Ht«! tiy Mrs. Coville- 
Tli« routine work of the atiitl incJndcii cataloging 6,7(MJ piiblieations, 
preparing and Ming 36,007 cards, emering 24^12 pcriodlcalB, and 
making 10^5 Inami, of which lOC were to libraries ouiaido i.hcSmifii- 
soniao system. In addition to txiiiaiderahJe work on the anion cata¬ 
log, mucli time was sjNtui on the preparation of periudicak for bind¬ 
ing, and a tola! of 3)8(13 volumcit wem bound. This untumally targe 
nniQunt nf binding was made posfuitjlD by the defJeiotioy appropriatinn 
of $13,000 approved toward the close of 11)35. Thom still remain 
thousands of vobimefl in urgent need of binding to pm vent toss of 
purta, many of whidi would bo very dilBcult to replace. 

Rospectfully submitted. 


C. G. Annot, St^rr44trt/. 


APPK\T)IX 1 

RETOR'i' ON TJrtE UNITED STATES NATIONAL MUSEUM 


Sm; T Iiuvo tho linnur lo siilwuit the following n?i)ort on the con¬ 
dition and opcrarion of t liu UniUs) Sintos Natloitul Mni»nu} for tho 
MsiaI j'oiir ondod June 3(). : 

Finids provitlL'd for the itiainrenanoo of die NtidoiuLl Mtumum for 
the jfijjvr IoUiIlkI §703^70, Tlus wos u tuit inon-ose of $3,22$ over 
lUo previous viuir, hut siuoa $25,000 wns eJtjwiuliHi tost yuar for ilia 
purdioau of tht‘ aiqiLane H'lMnfifi M^ie for dio aeromutical oollections, 
the actual itiCK^utsu wm $3H,22S for piirjioses of maintenance lunl 
oixTutian, printing and binding, and preservntioii of colloctione. 

comscTiojf« 

Additions to the ALiiseum eoltcctions duriug ilio year, coming 
mostly as giha from iiuLivkluiilfi or from lixiwditions siJtmaored hy 
thu SmitlLsomou Institution, coiiipriHud tlu' uKiml wide variety of 
uiatorijt] ill ull duiiMjrinicjitg. A total of 3G 1,951 s|)eeunem wore re¬ 
ceived in 1,800 separata oc^'esdunii and di^rihuted as follows: An- 
Uinipukig}', l,79fl; biology, 292^^50^ gnotogy, 62,757; arts and indna- 
tries, anfl history, l,PTd. Tbiase eccessifins iiix< all ilstnl in 

detail in the full report on ilio Miisoim^, printed 03 a eepiLniio pom- 
pliJot, but tint more imporLoni oro sumnmrirjcd as follows; 

Anthrifpottiy:jf . — Imjtortant arclittulogitral materia] included ttvo 
Guatemsloit vhs&; — a rvjdicu of a stncooetl vase from Uaxsetun and 
ail original Maya vase from Ltthe Pet^n. AJjisbv was mpreA^nted by 
52 Ixmo and atone am if nets fixtiii the Kai Islands, Aleutians, and hy 
an ivoiy liurpwii socket from St. Lsvwreiice IsIhikI Iwlotipiug to tlm 
Old Bering Soa culture. From Soulli Africa coiue 20 KeoliLidc stupe 
artifacts and potsherds- Other valunblo slMcmimL'i came from the 
Bull Creek orrheolupcul aito in Getn’giu; the Blqtrk Mnimlain^ Aris.; 
and II lu ii»i4Milninnock River, Vji. 

Of S|)ccial iiiterest among Ihe ethno'togicaJ niotoriol recoiveti wero 
unusual a[wcunens presontod hy Mis, Charles U, Walcott representing 
the Kiowii Indians of Oklahomu, fha Navtdios, the Jt varus of SouLli 
Amorica, and from tlawaiL Olher uceessioiis inctudu Madagascan 
woven fabrics and basketry and KoMlunif clipper and silyer objeeta 
coJlcctoil nearly W years ago hy (fio late Dr, W, I>. Ahlmttj Loutkete, 
idols, coiiihs, figurines, and other objects 'fr^im iJalion^j^ Caiuorooti*, 
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Nigetil^ Africn, timt Soiittiorit 

KluHtcsin; jowefiy frtiiJi TiW.: n roUoction of ethmtlo^cal material 
from GuateniaU; and costumes imd ceremonials of tho Blnck&et imd 
ihe Indiana Al|!oiikianA Nearly JdO epochneiis were received In Llie 
dirision of cerstnico, 5T in muaLcol jutstrumcnlB, tmd 43 in poriot] art 
and textiles. 

Tlu! COO specimens luldctl to (lie [ihysical mitlmiiKiloj'v coil ret inn 
ooine inoeitly from Alaska, us n result of t he field %vnrk of the cunttorf 
and from Floridot os a rosnli of Smithfi>niati-C. W. A. projects. 
Another lot, of skeletal material eamo fivmi three ossuaries in Mary¬ 
land Olid (ho District of Coliunbto. 

Biototjy. —Noariy 300/XX) hiologiical epfciiueoe c year uoxv come to 
Mto hliiJteuu^ jutd the total now escoed.^ li!),(Xi>C/XX). Of thoaa rccrived 
during tlie past year the following ora oulatantUng: An uitusually 
largtc number of tii»mrimhi fttim PommuL, West Vlrginia« Stain, Japan, 
Formosa, and the Philippine Islands, and Dr, Ira N. Gobrielaon^s 
private collection, nuriihering 855 specimens, which ivore transferred 
from the Biological Survey; more than 1,100 skins and ekeletoiis of 
birds from Siam, 360 fruiu Guatemala, and 1,000 from West Vir^uiu; 
typos and pamfypcR of many new forms of reptiles and omphthiana;, 
both Nortli and .South Amcrioin; OQ largo Ihdiee fnmi Lower Califur- 
nia, over 1,700 (isties oolleoterl on the Smitheoniati-Bdchliug expedi¬ 
tion, over 800 Siamese fished, nearly 64KK1 dslifit; depoaitod in the Mu¬ 
seum ly the University of Wosliingtan, and over 4,400 Oslics from 
Maryland, Virginia, and mbcdlaneoug Iricalltjcft; 60,1100 tnsecta Irons- 
fert^ from i1h> Bureau of £u(oiuo)og)< and Plant Qitarn»tin<% (10,000 
more uollccUtl in the West Indies l>y Dra, E. A. Chapin and R. E, 
Blackweltter, and 1.11(1 J. F. G, Cittrkc cni lection of 10/100 lArpiduptera, 
mostly from the Pmiific Northwest; over 15,000 marine invertehratea 
chiefly from rarioiiB expeditions coopemting with the Smithsonian; 
lOB/KK) mollusks from many sources, including 10,000 from Siberia, 
from the Walter Krilhbom Bacon Tratxding Scholarshiii, and 11,000 
purcliaaid through the Fiuians Lea CTiinmlterUin fund: end mere 
limn 45,0iXI f>laiim, aliout it fmtrili of whidi were (ninsferred from 
the Diiiti'd •Slates Biireati of Plant InduHtiy, 

/TlwrferTy.—TuOTtiw fretm several S[nltlt.^niiiin fnnds hroiighf valu¬ 
able minciatogicoJ spccimanA Throiijdi the Roabling fund, crystal 
gn>u{ia and mineral exam plus from many local it Ics; through lha Can- 
field fund, ifiinarala from the ooppr miuca at 'fatmiKh, Soiilhwust 
Afridu, and crystal of various kindg llmt make up an unusually 
enlnrful exhibit: atui thnaigii thi- Frotiti-s L'a Clmmlwrlatn fund, f-mr 
raro gain ittonea. I’liera ^vero also many donated specimms nf rare 
ciyatnlB, oros, twd other minerals tlmt iiorahty enhance the Museum^ 
collodionB. 
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Ajdditiotis lo (Jm iiiE!toarii:^ ci>i]iK;tioii wcm obtaitu.*!! Itugrly 
■ ha llocblin^ fund. Thu total ntirnbiir of lii^iDCt matwirjiiu falls 
ivpnwoiited in tlio .Mutsctun was inui«!i»d from 600 to 6A5 diirjut; ilm 
Ttie iiRw nttileria) (.'atm from Chile, Austral in, Caruida, and tho 
Uiiit(?d r»u(f!tafidiii<r tiiicUHona to the roclt collections wore 

froni Eiister Island, Ittexico, tJie Carolinos, Arkaiuvis, Wyuuuiijt> and 
Cnbmdo, 

In the Held of stratj^Oitiphic piiicuniotojor must of Ute yearns uoc^ 
siotis wetv fibtititied by mejiibors of the staff: 30,000 Duvonisii invertu- 
IjrfiU*^ collected by Dr, G. A. Cnopcr uiul P, E. Cloml in the Eastern 
States nmJ 20/)CK> Taritury and CntaceottB iitvortclmiies obtaiiujKl Ijy 
Dr. It. S. Baesler lu Hiiropc. Exrlinnii^'s; arranged with otluir tnu> 
^cimis attd with tnetividnoia btouf^t in many otW specimens from 
Africa, Australia, Austria, Dohemia, £n{>laiid, France, Hawnilon Is¬ 
lands, Italy, anti the tTnitod Stjitea, representing vtirimts fpyjlogio 
periods und foniintione and iiiiuiy cla^ee of fowl auiiunlB and plants, 

About C35 fusad reiiobrutOK were added to the paieonto]ogii]a.t series. 
These included COti' Fnleocene end Plioocno nianimaJa collected by Di, 
C, L. Qiixiii and party in Xew Mexico arul Ariaona latit year, a moiitit- 
fibk okeleUin of the pianfc sloUi Mj/hdim Aariant from the Rancho La 
Diva (lepoelts in Califonvia, u mounted skeleton of the antiJocaprid 
jl/erycWm from the Mitxamu of Montnna, »n excelleutly preserved ox* 
tinet musk-ox skitll (Symhos twef/rons) from iho Pleistocene of IiuU- 
niiu, n nearly coitiplcto fussJI turtle {Aypidemtes ruyerr/#i) from the 
PaskatKX> formutinii uf AJhortti, and t^'Ocgigs of Struthi^ and<r»&hiy 
on extinct ostrich, from ChittH. 

ArtJi and fr«/uifr£r4*—Hie Oil tstariding nccesslotl ill aeronautics wins 
ihi) gnndola of i.hn stmtosphero bo Moon E^njdorer if, in which Capts* 
A. S. StoTFus siut f). A. Andai^u in lf>35 (irtublishn! iho present 
altitude record of foet for a manned holioou, presented by the 

National Geoprapliio Society, The ctillcctioii of scale modul!? of air¬ 
craft wiis incruoiit'd by 12 of roinmerctid airmail pluiuis {mado for 
the Great l-uken ExiMeiiion), + of current Navy tyjvisa, 2 of World 
War Gorman plmies, and several others including the Stinson De- 
tmitor ujid Ixadchend Vega used by (.leorpj nnlKwt TiVilkinii in his 
iy2i and Ht28 Arctic flighiB. Mr.?, Witcy i\)at pniscntcd iJistTumenm 
that were tisetl on tlie Winnie Afiw. Tlicfs wijitt also ucccssioiicd vari¬ 
ous objects connected with the historir lliglita or niremft of Calhraith 
P. Itoilgera (1011), Maj. Rii»seJ] Li. Muiighaii {l!124j, Jolin Moisant 
(lOlO), and Alberto Sautou-Dmnant. 

An iniemting accessjon in waiereraft is a eolicctinn relating to 
thtt life and work of John W. Grifriths,i>ifnval urchitect ,writi'r, and 
oditor, M'hooa ships the /foinAmr, 1W5, und the WHc/i. 184C, wem 
the first nf the famous Ajucricuu clippers. ^ A niimbo^ of half-modeLs, 
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motiy tt» H result uf tJw HiBLorid AiiuTicjui ^lerdliaiit Marine Snrvay 
“Work, also wore artd^il. Fur tins trmispoiiiuion group ranus the first 
Franklin antomohile (no. to leave the factoiy in 1902. tho oldest 
existing example of that cur; a gig phivoioti of about l&40‘ and a fins 
operating senfo model of the Ualtimnro & Ohio Ratlioad's Bi^yal 
Blue traiiL Mouy ohjevta of liislorical radio iMptipnieiil, plinito- 
grapH typowriters, caiculalitig macliinea^ olocliSf tools, and tJectricnl 
cIcvtcGs oonliiuied (o cotne tti, ti^ well as over S>0(X) etiociuiene iiettab' 
ing (o textileit, orgatiie diiinustry, woftd tcchnniogy^ liutnT>' of agricul* 
tunj, and medicine, and alxnit iiOft ptiotogmplis;, printF, drawings, en- 
gmvings, tKioks, tools, and other JOftlerlal relating to the j^phLe 
nri:s. 

flhtioyy ,—^Nearly 2,000 ohjoclji of litstoric mid antiquarian intoresti 
mtd value were received, many of Lljein fa^rtaining to tlie Jives and 
public careexA of eniiuent Atnr'ricann and fitlier Justorio characters, 
»ucli as Lfifayatte, Benjamin Frauklin, ifai^leon I, anti President 
Btrnjiunin HarriiMti. The ntimismatic collection was iitcrcaiwd by 
321 coins, including aji important Herica of nnitml Slates commemora' 
tivG half-dollars j and the phUateiic coI]c<ei.ion by l,aS4 stanijrs, most 
of which wore speoinicns of current foreign postage stamps ( pans- 
forred from the Post Odk-e. Bepatimsnt. 

EXFUiaaTioNs AN'o rirui wohr 

Tiie scientific oxploruiioits of ilio your were financed mainlv bv 
grunts from the iuvisatwl futida of IhirSmitliBOiiian limtttiition o'r by 
the Asskdanre of frirndiJ of l.he ^luseuiu. 

Aixihropohfftj.—Ximry B. CJolLm^ Jr., assistant, curator of ethnol- 
ogjt\ in October 1936 terminated liis archeological invest!getioiii$ on 
St, I*uwTcnco Islafid, Alaska, conductetl untlor llic joint aus|dt'jca of 
the Katbnid (Joographic SocSety ajid the Sfiiithimnian Iiuftitutioii. 
Provioijs ivorit ou St, Lawrence falatid and at Point liarrow had 
revealed the existence of an ancient hut highly developed ISskimo 
culture, with intermediate stages lietwocn it tmtl the modoru Eskimo. 
One objective of the expefittion was to wurch for pr*‘.Eskimo to- 
mains in the vicinity of Bering Strait, wlvem man may first hsTO 
enteioii tJis Amencnn Continent. Hi-. Golliiw and his ns«isAant^ 
James A. Ford ami Iliimsori IVifullBj nlitained definite evidonoe on 
the sequence of prelustoric EAbimn ouiturea, hill nowhrio did (liov 
find traces of Inimau occupancy antwhitiiig that of the Eskimo. 

From Octnliar to Fetiniary, lIiTliest Tf. ^ioger, curator of eflinol- 
ogy, crmducirr) archoologieaj invwsti^afioiis in ilio Behnmnti Archi- 
leJftgo under ti Smithsonian grant. Uu pxmvak'd kitchen niiddot« 
anti hiinnis oit long Island, Itmguii, ajul jfew Prnrifhuits< Island and 
itncovored data poiutiiig lo‘a dose wiltttrul i-oribct lietwoen the Luca- 
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Ipin IndiaTis of the Ilahamas mil] tliu Aniwiik of Uispuiiiotii euilI to 

I ho tribal migi-ntioii of the Lucayans at a compurtttively recont data 
from Lha bland t>l nbpaiiiola. 

Dr, Waldo R. Wodol. lissist-out curator of nivUciology, (Icviit(.*il fiomn 
Liuin Uj llie sij|;>crrisioii of f xi.'avnUoiwt at alt ItidUn Tillagi* aito imar 
SEuiecB, Moijigijtnfiry County, Mtl, On Mnv 15 Ins left to conduct a 
^jiera) andii^togtca) ifitrvey of iiorlheauti'ni Kaiu$u!:i and to ucavuta 
jtnrL of ati old Katisn site near Kansas City; ho was still in The Hold 
na (ho yvar cloBod. 

Dr. AloS Hi'tlUdkn, curutor of pltysical auLliropolo^y, Hsatsttstl by 
four sludaiit«, during July mid Auf'ust IDUU in vast lad si las on Lha 
Aleutian Islnutls, in wntimiiition nf his Alas.kmi rost'itrclies. Ho un- 
eiirtlied an important btiriuJ cave on Kagntnil tslnnil, tratisiKirtAtion 
hoiiijr fnrnbdiod through Uto cnO[)Ct«tion of thu Cnitei! Slates Coast 
Guard, tn May 1P3T ho rotumed again to the Aleutians to rontinae 
tlie worls. 

Dr. T. Dale Htuwnrt, tissistoiu curator of physical imthropology^ 
visited Indian'burial sites along tlie Putumuc Hivor, assisting privato 
invnstigiitors. Alw, with iho help of Dr. Wedcl, hu excavated two 
ossiiarie!} at Rolling rich], D. C, 

—Gerrif S. Miller, ciirHior of intiniiiials, assisttid hy (riiarlea 
M, Wlieoler, fpent 3 montJis in Panama making collections for the Mu- 
seuni. With Corfttal, 0» Ji.t as a base, ho worked ovor most of the 
Canal Ztmn fioni Gutun and Barro Colorado to the Parilic coast and 
along tlie. tin I ioiial highway of Panama, with side (rlpa to the Pearl 
laJanchs, Talmga Islands, nnr] tJjo Indio Hivor, The tiiaterial hrouglil 
hack includes about 4j>0 tiunmiinls, 150 birrle, 150 reptiles and aniphihi- 

II no, and 400 fdailtf, tm well as Iklies, shells, marine lurortehmtes, jutd 
Indian aiiifacts. 

Dr. liemington Kellogg, lujsislant curator of innminab, w'oa one of 
the threo delegates io represent the United Sioies at. u wiialJug eon- 
fercnoc, which itonvenud in Ijtiiidon on May £■!, 1037, on inviiBlion 
of die Briiiali Go^timnwmi. 

H. G. Dtegnan contitiuctl coUccling in Siam and sent three largo 
shipments of hirrlsand otlier metorini to the .Must>iim. Dr. Ak-KHiulcr 
Wotmoro cnllected hinds in the highlands of Guatumala in the fall 
of 1036 and brought Iwck n series c)f valnuble apccimeni?. W. HJ. 
Perrygo and Carleton Liogebiich eoUccted hiids during lb*’ yiutr 
hi West Virginia and Teimwtsi'ie. Dr. David C, Graham continued 
hia work in western China, forwaniiiig collecticms nininly of birds 
tiitil inseelsi 

Dr. fjeonard P, Schultz, as.s;stant c^ir*t*ir of flshps, nnj F,. T>. Tlcii!, 
aid, made several successful rofloctiiig exmniiuns into Virginia as 
part of a survey of the frftsh-wnter fiali ^ftimia of thtft ^^late. 
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Dr. E. A, Clm|«ii, curutor of iusecw, R[»iil about 0 wifka in 
JoionicA. whci%, iiftor cAatuiiiing entomnlijfpiciii oolloctiorm in Htibiuis, 
iia collectwl IjfficetB on lliu ialjmd in txnijoiictiiiti wilJi Dr. aiir! Mts. 
EidiatU E. Blnckwctdor, Soveml faiiiili4?ij of livotltiSf hitlierto mi- 
ktiuwii from iha ifilaniif wfire takBft,as well m miuiy Bpwies rwsgniaod 
Its tifflw to sciiiiiiico. TJioy nlao look ovur ft thoiisaod irpcciniviia rciire^ 
wniin;r ^orun siwdca of ihu fomitj Dryopiduc, proviouftly froordtid 
ns noneiisteiil on Uio island. A new und intcresiinj^ ^womtUid of 
the genus Psytiobora was found ftiHiiiifr ou a mold growing u|^>n Uio 
leaves of Ix'seh-grape (VtK!eo?a7ji/ nvifcra)^ and at leaj^ two undo- 
sertbfid eijcoios of S^rsitmilac liane been rcoognizetl in tlie inati’tial 
collftCled. 

Dr. Wiilclo li. Sditnltt, cumtor of tnanne invartubrafos, was 
iiaiumiist on Ihi; SnuLhsoninti-flartfortl expedition to Llu' West lii" 
riire, tnmding on nne of tlio last of the eqnure-riggoti slutis iitlual, 
the Joseph ^oiircfrf, throuEh invitatton of ilm owner, Q, TTiinliiigton 
Hartford, and ammiputiiod by Hubert G. Luiut, of tlio Cbark'Stoft 
Museum, qs usaistiuit Tin- party lnjgiui work on MaPcti Hi at XnsBait 
in lIiD Bulianiiu) and tii 3 uirmtlis tmvuled uu far south ua Barbadoft 
In kU they covered almnt 4,5fW nuJes, uialcing 19 stops for ctjlWting 
on Ifl iliiTerent itdtttulH. 'Hie ejcpcdttion, aided giftitJy by tlio (.’^cellrJit 
equipment provided by Mr, Hartford, was cniiutuidy suwaiaeful, 
More Ujun 4,(100 specimens of murine Invctebrates wore nbtnined, 
chiefly Citisiacw, but including also s[>tmges, coelftiiteruteq, utiJinlidF, 
molluske, eyhliiwleniis, mid lower chotdntcs. Vi-rtebnito matoritil 
brought back included (Islioa and two adiiU pnrpoisteqin one of which 
wan found an embryo. 

Dr. Pmd liartech, cuiutor of moilusks, was a rnenitior of thy isoiitU* 
Bontim-IbMjbljnff espedition to Hmi Caribboim and die Gulf nf 
Mexico in (he spring of lyjT. I'rtiveling on rkniald Rnobling’s 
yndiL iorano. lln> ]:mrty worbtyl fr-mi Halmtia, Ciilm, arouttd dm 
westpm end of iIoa islimd atnl along the sonlb coast as far as 
OuufiLftuamo, Extrnsiv,. marine collectiotu* wetn obtained over a 
widfl area, XIimb inctailp nuitcnul provinitsly fFHirly represented in 
the Miisihuu. which bi imw Ixutig fltndiml mid rapidly iiiuntillw], 

flfrofojty.—Sponfioretl by ths Smithsonian Inatitulion, Dr, R, S. 
Batider, head cnrutor of gwifogy, sjwnt am first !i timiiUw of the nscal 
year in geological studies cd savoral cJaanuc Eiirnpean umu! and in 
rescarchM on ochitiwii-mia uml other foasiU in English, Germtu), mid 
Diiioh museums. Ho cmiirilflted studies on xevmni |Trf„j,,s of Paleozoic 
corals and sp(jngoH, prepared alHiut 60 W cairfa of Upper PaloosKiio 
critioid typi-j, collected Tntfyiry fossils from tba Peris, Viofina, and 
^mloii Ikaine, end vieiled the Dommun uraa nf Gutmany and 
C^ochoslovakiA. • ' 
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Uodcr (Jie nospicufi c»f Li to llocbUiig fund, E. I\ Houdcnton, asalBL&uL 
cttnit<]r of physicul and chcaiical geology, aovurol nmtiilia on 
FYtnoo of WiUct! Xalnnd, AlnakA, for LIib iiurfKijs of colluuiLiig epod* 
titfiui of B{)tdot«i uiid other inirHTHbt far which thb Ineotlty ik noted. 
With tbo old of Itis Msointatilfl, Artliur Afontgiuncry, Edwin Over, arid 
C. B. Forgtuiott, tto collecthutidreda of fine crjglala of opidotci, 
of garnets, snd many miscelloneotis imncriil& In Mny 
tttST hir. lIoTitiiirHiii kft to nitund the Seventeenth Intematiomd Geo- 
logical Congress at Moscow* 

Jji (ite summer of [930, Dr. G. A. Coo|.K!r, assistant eurattn* of 
grsphic pdlcoutology, with PresLoii E. Cloud os field assistant, visited 
Middli' Devonian IricalitiGS in tlia Middle Wiiflt tu collect fossiLs aiid 
study the Middle Devoninn rocks. In June 193T these two men pur^ 
sued fuTiJier field work on tike Middle Devnnitm medu; of Michigan, 
New York, and Owtarlo. 

Dr. E. O. Ulricli, associuto in piiLeontoZogy, accompanied by H. D. 
Meslei*, of the Geological Survey, colluctetl foeaila and sludied f.ower 
(Irtjovrictan slreligrtiphy in Arkonaas aiwl uearLy Stales. 

C, W. Gilmore, cunt lor of Ycrlelaate [utlcoutnlog}’, witJt l>r. lhun> 
iugton Kellogg, made two short tripe to ilie Clussttpoake Bay region to 
collect cctanjuji Kjwcimcrio, including nveral jurpoire sknlU, previ¬ 
ously locaiwl by Dr. W. F. Foaliag. 

Dr. C. Lewis Goxin, assistant curator of vnrteljraU; pulcontology, 
under fimds [irovided by the Sadthsonian Institution, conducted an 
expedition to the Sun Juan Uiusin, N. Mex., during Llie snmiaer of 
IbM to explore ilic Eocene Wasatch mid tlis rusreo mid Torrejon 
formations uf iltc Paloowne for fossil mnuiitml rein id ni^ Be^doa Dr. 
Gmdn, ihe jwrty iiidttded G. F. Sternljcrg and Harold Sliepbcrd. 
They were siicceSHful in gatlmring a representation of Ghs imporUitit 
faiinaa from tliesa dnssic early Tertiary* herrissons, about 1500 deter* 
tninable spccimimB being colkvU'ii from tlia Faleoctuie nloiu!. laiter 
in the GoiiMm they went to Ari/xmu and explored the Gllu iind Son 
Pedro VaUeys for fussMa. 

Dr. B. Leo C'oUinai of Bryn Mawr, was given a email grunt by tbs 
Smithsonian InsiittiUon fur ^vork in the Miocene ilcjxaiitH along CIivsa* 
fienke Bay, during the course of which he collwlei] s number of 
cetBcean siieolntcns, t>arta of a eJrenian, and two hlnl (mhos, 


Victors .—For the fire: tijue, tJie number of viators to the various 
Miiseain buildings exceeded the 2 million murk, the total for the year 
tieing 2.288,which is 314,8&0 more the previous year. The 
381,210 viflitois during Augiifd 1030 la Uk* lorgafit number ever re* 
conlml for a single nion1.]|> The nttendiliioe in the fuar Museum build- 
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itigs vraB I'ecnndfd us fotbvvs: Sraitli*miiin Biiililirnj, Si>(,05T; Arte 
uiiti IiultistriKi IJuildiiigj ; KuturnJ Uu7ll3,lS57; 

Airi’t-Hfj Building, 171,430. 

PiihtietUimt auft printina.—Tlvi gum of $28,000 vas ftvftilable dur- 
itig rliB .war for prinring the .Musoum Annual Ucjmi'I, Bulleiinfl, and 
Brocpcdmgsj, an incroaso of ^iT.Urrfi over t he previous year, nitd u cor- 
rrapondiiig increasa in voluttuu of publication was reliected. Thirty- 
tbifft publications wen* isaiwd—Ilia Amiiml liojKirt, 1 voliimo of 
Pnji-w'(iinf!S (complotfld), 2 Bulletins, and SH Pim-rodings 
I’iii? two Bulletins issued were; STo. 153, part 2. “Birds Collected by the 
Clillds brick t/xixalitjnn u> Blluopia and Keiiyu Colojiy; Pwsseira’^, 
by Dr. Ilorliort Priodtiwinn; aiiiI no. WT. “Life Ilistoriea of Xoriii 
Amoriran Birds of Prey: l*acL I, Ortlur Falconiformes”, hy Artlmr 
Cleveland Bent, 1 hs tenth volume in Uus ttoi-ie^uf life liiakirics of North 
Aiiiericou birds. The total nuiiilairof ucluvo pagtai prinied was 1,1104; 
and uf plates, lfl5, Voliiiiies and separate!) distrtbtikd during tins year 
tu libtiiriefl utiil tndividimls tlirougliout tJic world oggregiUetl t}8,8i?i?. 
more tbuii twice tm maiij’ aa loat year. 

An imiwrtotit step in ibo advance of Museum efficiency was ihe 
^nroiigh overlittuTing and equipping of the MueuumV Brnntih Print¬ 
ing Office ^rly in ifie year, Tlirough tlio generous cooiK'nitiou of tlie 
Public Printer, u rettmditiciiwd an<l fully t^tjiiipix!)! liiiotype madiine 
was insUllcMl by tJjp Gowi timeni Printing Offn^e, togpther with rmv 
tyi* faces fliiitjiljle for the firiiiting of Mtisetmi Jatiels. As a direct 
reaitlt of I hie new eiiiiipmeiij, ilm Jaljeling and job-prinUng work of 
Hie Miifieiim is prartiraily np to date for tlio fii^t time in many year?. 

A xtijiftmcc /mm v^ork miief MitKum r^olited much 

by the coiitinuiKl iissigiimciit of workem from tin- Works 
Admitiifstriitjoii fd t!ie District of CoIimiJiia. The niunlicr of sueJi 
workers increased from €« at the Iwgiimijig of ibe veorto 8Sa( the end, 
and tliD work totaled 8£t,4ia mnii-hoiirg, covering Vlia follow ing niske! 
('heeting, Inlietinp, and repairing Jibuiry niiitcriiil; preparing dniw- 
ings and photographs; typiTift; arranging, cataloging, labeling, 
nuHiiiting, and numbering siiecimeriB; model making- traiislmiiig; 
work on fdaster caste; and drafting, 

Spef’ial ciuAjA/V/wi*,—SUitnoi sfiecinl ejthil.jttoriB int«i held during 
I lui jw iinditr tluj oiL^pia^s nf vurious Bcientifir, educational, and llov- 
enmwnl iiganoiea. Hurij as tin- Works Pmgrftts AtlminiBtnitjori, Tliirfl 
World Power Cimfrrem.i^. .VswjejaJion of Fetlersil Architects, mid tlir 
Disl rict of (^imibia Fwleiation of Womt-ii'a CIuH 

riic division of gruphic jirls feiiturt-d 18 srwJiai eihibtls—p in 
graphic arts and U in photojprajdiy. 

Chan{/C9 ift ari^ams^don major diange in admlnis- 

tratjvo or^tn^ityiii o.-eurred ritiring tire yvar and hut fow changes 
m Uie aceiitirtc am IT. Th)i designation of the cunwnler sho]> wn-i 
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disngiul in April tr» i^binct diap, nnci sutpu wora ^iikcii for tin* ap- 
twinlirutiil of «n aisifltimt fonnnau of (lia shop to l)fi dji-pcUy cluiri^J 
witli its liiiitcUngTrepair nctivJt.ioK, 

Eight r'CfwoiH were retired for age or disnitiiity, as follows— 
tliroiigh ftfio; Freak IT. Cole, assistant utcoiiariHtal supenidendeiit in 
charge of iJio (Mirpcator sJiop, on Fehruni-y 2fi, 18«T, with over 3 » jenrs 
of serviia ; William F. Wicks, guard, on May 31, l»37, v^ith 10 jTftlu 
of servlw; Alinor R. StojirielL tiiuiar'ti hnlptr, on June ao, 1037, witli 
iKijirly 5!7 yvain of s+^rvio?; Mrs. Hanorett Downey, attonilunt, ou Clc- 
(nW 31, with nearly :i5 years of service! and Mrs, Eliimlajili 
MeiTJtt, channonnui, on November 30, I03C, with nearly ynjtre of 
eerrice. Tiirongh (lieability ■ William neiiry Gnldainith, foreman of 
lalmrcrs, on April 30, 1037, with 41 yoiin of service (Mr, (jiiSdsmitli 
died on May 4,1037, 4 days after his retirement); Mrs. Eliim.lje!ti E. 
Dorsey, rorejmm of clmnvumeti, on June 15, 1037; and Mrs. Ger¬ 
trude Qrefill, eliarwonmtt, on ifay 6,1037, 

^ Dr. Gtmrgtf S. Mj'era resigntai as oiaistaiit ctinitor of fishes on 
f^pteniber 15, ll)SC,to accept un appointmoiit at Stanford Univendty, 
Dr. Lconiirtl P. Schnlta, of hlio ITiiivorsiD' of WaflhLiigion, wslh ap. 
[minted fo sueeeoil Dr. Myers, Dccemlier 31, 1930, Dr. Waldo It. 
IVotloi was nppolidei] m^istunt imrntoi' of ureliwlogy on Angnst 16, 
wm. Hip Jiwignalron of Dr. Wiilimn R, Mason ni Imod of'the di. 
viftimi of pliiiitfl (the National Hcrliariuin) wns changed fi-om uftno* 
liialo eurelor lo ouriKor on Folu iitirj- 1, lajT. Alra, Agmjs F. amsr, 
-t-nirir Imlunkl in tIjo Omtod Stares llnreuu of I’knt Inditstry, tong 
itiisociated wiili tho late Dr. A, S. IIiLchccwik, was given liononiry 
nppointmciit on Febimary 15, 1937, as cuHtutiiun of tim section of 
gresss in die ilusouni. 

Other additions fo and changes on the staff during the year tii- 
emded tlie ap^diitjiiente of Henry Kaskowitz us junior sciantillc 
aid in tim dirkion of rertehrnto fULleontology on August 1, 133(5, 
anti of Andreas J. Andrews aa scieiififTc aid in the dupartment of 
unthrepotogy on May 14, 1037; tho reallocafion of Mre. Bertim T. 
Cainvithen to senior clerk, ussistant [ii!tv>iiiiuI offitvr, on Fidinuin* 10, 
ltl3(; tin* afijjoLijtnient of Owen F. CroK! 5 ’'Jb senior ntedianic (senior 
cubbiotmakor) on July 1, 1030, (o fill n now imsittoii inchtdiHi in iLo 
a|)firT>[>riur[oiut for fhe yiiar; thn ndTanccinent of John H. Cliunce to 
Mjaistunt miginwr, on Seplemljer 19. 1030; of Epnwsi DeBantis frum 
guard to [irincipal guard isergeanL of watch) on NovvjuUu 1, KIWfl, 
anti of John J. Quecney from guard Ui foreman of laborers on Juno 

jy, mi. 

On Junuiu-y 1, 1P3T, Ntirmflfi H, arhiof f>reparfltpr, invorte- 
hretu ipolrontolcjgy, rrtiimcd to duly from temjmnrry rletail to rlio 
TeiuB (ViJlciiiiiiiJ Eiposition, iit Dnllus, iind on Jiftm'Ttt, 1037, ho 
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was detnilfid ts exhibit euperrisor for the Smit lMon i an for the GtoaLcr 
TexBii and Pan AoieriDan Exposition at Daliaa, 
iVoerro/opy.—Through death tJio Museum loel durii^ Uio year thnw 
ompioyoea from Its active roUt William H. Vannemnu, princiiuii 
guard, on August IJO, 1&36, after 8S years of sorricoj Frank U. Chcaks, 
laborer, on January S, 1D3T, after 2T years of service; and Wiliiam C. 
McKinnon, guard, on Fdmist^ 13, 1037, after 10 years of flarvii*. 
From its Itsi of honorary workers t!ia Museum lost by death on 
January 0,1037, Dr, Frederick Vetnon CovUle, botwirary curator of 
plants rince March S8,1803, assoeiatccl with t)ie division of plants for 
tiiotiy yeorg, and raie of (hoeu deeply intereri;od always in furthering 
the Mnseum^s botanical work. 
lieepCGtfulIy submitted. 

AxjccaSDzn Wrmcaiii, 
Ai^tani 

Dr, Ciiaaixs G. Amurr, 

/Swretanff Smith^ian 




APi»ENDIX 2 

KEPOKT OK ’illE NATIUKAL COLLECHOK OF FIKE AUTS 

Sib; I luivo tlio hoiKu- tv siibuiti t}i£ follnwiug reiiott oit Htv 
tiHs vf Ole Kaltvtiul Collii^tlni) oi Fivt! Arts for tlic &h: 0J yt.'tir i'tultHl 
June 1^7; 

Tgr nearly 8 mfniUia of tJno fist;4U yeuir, ttiis buTsau of thv Smith- 
enniui ZnAituticin carricU thf qildii> ^^Nntionoi Gnlbry of Art”, but 
this woa rlutngwi by nn Act vf CollJn•e^a^ vfprowl by tbo Pi«std:eii1 
tut Mnrch tv ^Kstiuiiul CvHiicUaii of Fitut Arts^, ujul lUe 

old JiiunQ wiia itijfliftiUK] to lliu itvtv SutUUsoiuau btumu mooted bb lUe 
result of Andrew W. Mellon’s gift Ut the Kalitoii of his iiituBcdU'd nri 
ixtIJcctioii Htui fiiiidR lo (incL n eplcntUd Irtiilding to bonsa it, 

A new Siyjrf.eiH of lightitig wati iimttitltHJ over gallery H, tvbiclt pro¬ 
duces a pleueing soft liglil and also docs awny with tbo lighting 8x< 
tutt» and gives a ceiling tc» tlie gallery, Tliis also niatie pj^ble tlw 
instiilJation of four stninwl glni^ vtndowa. two by Jolui Ln Farpe 
and two liy WilJiani WlHei:. 

Misa tiOiUEo A. BoajnbuficliT who lutd been contiecled with the Smitb* 
Eonkn Institution for 4d yours and iiad served as Eescordur <if Uuj 
Katiorial Gallery of Art since It was tiiiidu a sciiantc unit in 10:20, 
WHS tBtired on Kovember rtO, ID^IC, 

VieHora to tbe oIHoo oonceming art mattcTB nmnberod 11! dnriDg 
thiT lost £ montliH. 

API'HOnHIATIOTfS 

For cFio Rdmitiistration of the. Katromd dillcction of Ftiia Arts by 
the ijmithaonian Institution, including compensation of nvetissaTy 
innployees, purdiHse of tuxiks of rufcnuicu uul paricdicals, Lravuliiig 
expenses, nnSfonns for guaitis, and necessary Inddontal rxix^nsea, 
8ai,27fi,lX) waa appropHalw), of wfitcli $!0,8&JtS(t wbs extuenflcd for 
the caro and niaintenanco of fJie Frter GalJcry of Art, a unit, of tlie 
S alien nl Collect ton of Fine Arts, 

•niK rtATTOxAt. (tAJ4jaiy or aut cosiitiwux 

The sbUeeutb annual meeting nf the Naliotm! Gallery of Art Cotn- 
luission was bubl on l>ect>{nb«r S, .^he tiiembars n|ia at IQrDO 
at tiu! Katiaiiiii Gallery of Art, wIiAre, us ilio advisory conimittoo <iu 
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iJje ^ceuptiriiee of work& of art whicL had hwrt anbaiitte^E tluriiig the 
year^ they aecrepti^! the foUfiwiiig: 

Tvty UliioRtaplisv: “Dryittif TUk >>Ia» irijfirlHVoJi'* nail tif ilu' Caufou'*^ 

liy Grm» llVirratSijenL Gift of thit urtlRt (n Llim iineiF' ^jf her *oti^ Kilpur 

SI. CaiToiht'rti, Jr. 

flran^ tv]M pmrtratt df Ifnnlrl f^hpulrr FreiMrll by UTelyn 

HOHtrlct^ IfffliiEniiin tRuf^halilf^rl. illfl {Kf Mm-, fw B. BiiirhiHder. W|tii|n'»r, 
Ctiiia. fiir the ^^tjoEial Pi^rtmU GiilJ^%) 

A wnff^r ijotiip by R]itina4 Piyuit OSfL of Mrs. Johfi T. DfvJue, 

of Wnshlnfiloii, D. tJ, l^o lOEnt «Eaf iifl of thh gift In tbo bo add of tho 
v^eoator nrnj hoR not hc^n cb^dfleil fo dnl^. I 

A cN^lk'vtlod faf Iff! InlngUo prlulMi by rho of 

to l» BLlilod to tbp 407 tnLnsilt> EJirhilif irU-fta tUBt ypjir. QUt <if Uio 

ritlMKO Bim'Jv-Ej of [titclierH. 

Two Jfno t^DgroTln|r$t <Hrt llaikt^r" nnrt 'The SiNtE^r'^ mid two iwncril 

drnwinET^ both snUtlpit "Rtttflr for “Thfr Ortlger^^H hr StauSfy Atii!pr*nti. illft 
Ilf tlio nrfittt. 

Tho foUowliar l«ro liiuvliaw?d by I ho Cotjnidl of Ttn; NatloinJ 

Acndomy of DphI^ts from Hii* fiiDd proTlded by ttio Honrr Wurd lt|iuEi?r Iw- 
wen> rwn^ii'd uiid qlninu'ih necufiHiis lo Uie Ii'Tiiir vi tho wJU: ‘"CcntTHl 
Biirk (and thp by ^Vfllluni A. (JSri^-lttCiSS atiil of iho 

rjiprr ll^diifJiUri mrorr Wyonilui; l#y Tlliomtii^ SfMrari 

A pair fif Jituliic'd clrtfifl wJntlowfL ^^^oaoock &iui rVoEiy"^ by Jiditi lAFntTjo 
(l83l5-'STno>. Oi/t of tionry l4iF(iifEE\ 

An nil ptilivfins enrlMpd "I.>FT>9#lnif fdf rbp lit^bfnrwil'*, by Soynmiir J. ■Gii,v> 
N. A. Gift nf Slls^ dpniil4^ A. tkiy* rJm iinjjit'M iluTiEhtor. 

I Ifj IWH A Poftriilt of Gp+witu by V. ^.''oiirttir, olfoTiHl ttn j| irfft 

by nti minriyintMiR dorioir. waif A0tie|it-i.‘d by Ebo {.\»Diiii1r^laii. IE wnit nolLinlly 
n^Lyod in Sloy IttST, tint m gtft of Aiigind Fran;tp43,3i 

Tl\ii nnyulieni then prtAWili.^1 to ihi* Snuth^ntmn Ruilding^ whoiit 
tisfi an rill id mfitjLtng ludUid ro nrti^r hj fh« duiirman, Mr, Tkirie. 
The members praent wen?-: Charles L, Boriet ilr., chtiirnuint Frank 
Jewntt Mather, Jr., viee-chai rman; I)r* Cliarles 0- AbbtX (ex offioio), 
^secretary j and Herbert. Adanio, Frederick i^. Kep|nil, Jokti hi 
Pfttil MausUip, George B. aicClollan, diaries 31in»re-, Filnsinrl \Vn 
Rf^lfiold. Brlumnd C, Tftrl*ell, nnd Mfihmiri Young* Rnd P. Tol- 
matt, enrtitnr of the rlmrinit of graphic ails hi the FiiitrtJ Slalts 
rftitloiml Ml^^»lltt^ ami acting dinjtior Gus Jfntinnal CoJIecUoii of 
Fine Arts, ^ras also ptpsent^ 

Mr. Mooru^ chilinnsiII of ilm executive coiiujiktee, &tjitt?d ikaL JJr. 
Mellon Iniit liml rentutive plani^ fnr i.hn Xaticninl Gallery of Art 
building prepareil by John PofJis, Tl\v^ pliinj?, wi ll m tlie 

pre^^iE fdniiij? of tin* Nntional INiHrait Oalldry, wi re <li£<nissofU 

Till- Cmninbsinii recdminemlrd to ih& Ihmrtl nf liegentfi the fimni- 
fiatinn *>f Dr. Genrgi- Dnmhl FfEgvdt, direetot nf i\w of Fine 

Arts, Eo E^nreeed MrrGt'fil, floty^HR^d^ 

The ComiTilBSton rw^ommtyidcHl i:o the Board of RfritenJ^ i(ut re- 
olcctioti for thft tfue(!4!edirif:,kTmof J y^ar^ of the foUnwing rnemU^iT^t 
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John Lpcxlgc. W* Mellon, Ed want W. IkHlBeld^ finiT Paul 

T]i 0 folloi^hg fofficers wciv deoteil for I ho emiiiiig yimri Charley 
L. Borie, Jr., elmimnn; Frank Jewett MnrJier^ Jr., vice 
mid Dr. Charles ih Ablwt, seerolwryj its wdl ns tiie umuibors of the 
oK^iitjve cnnxmitteo—Char See Moonij Herbert AdairiB, anti Q^^^prl^ 1 } 
B. McCIollun {Ctiiirics L. Borie^ Jr.^, as cliairuinn of the ('otomis- 
sion* and Dr. Churlos O. Abbot* as secretary of the ComiuisfliQU^ ate 
cx officio iiuembcrs of the exooative coiximittoe J. 

T!ie foUoiviiig iidiiutB was oJopted to esjirosa the jujlicy ipf the 
Commiaaiaii in coiinectioo wUh ila artion in accetit.iiig or itsjecting 
Kaiiger fund painUii^fs: 

Ifli fCfl c tLl Ji jg a Afi to tlio ai'OoiHaace 4af [Piii'ctiaMsd from ttui 

Rfttib'er fnmr. \t Lbr seiiAc at the CrismiJsfiiiin limt tbe rtriliiLle p^tiiftllty iif 
tliu ]»i 1 ntlii (7 III oTiciiUaii mi n^rci^f??fatflr bo Uio oalr factor to Iw 

|jLk«^ Luto fyia^dctnUon. Tlir tinr»>prif!0 itf other mii]itTlc« of ihi? arUst's work 
|ji Hit! imtSruml Cfdhfllnhi for lixniuiite, qiny neaii^rly tabf^n tato cotiAliIrti- 
&f tbo iJwtmbllllj uf a v(dt> of |HllUtJji|e3i in tlia 

l^ermnnciit eaUoetiMaif of tiio tiountry^ 

ptreiiAi. Mcnt^iaa 

In fliicoKtarLCC miU (he re^pmst of the eUatrinnn^ Mr. Borie^ the 
Comnmiou met. nl the Smitlieoiunn Inititiition Afiril B. 1937. for 
the piiqii^ of affonling tlie momlief^ an opportimity of discu^ing 
tJtc acceptance by CuiigrE^ss of the Melfon gift under tlib tltk of the 
N'ational Gallery of Art, and the project, tor the proposed 
Smithsonian Gttiler>^ of Art. 

The CoiumiftfiJon-s attention wna iiUo called to I lie desire of lira^ 
Mallei Johriifon Langlinrnt^ daughter of ilte donor of ihe Balpb 
Cross JolujBoti CfdbN.lion of old niasters, to name tlm Smithsonian 
Iiistitntion in her will to rot^ve ceriiun piftnres left t<j her by her 
father, if tbo Institiirion thought tbeiii worthy of accojstanco for 
the iiatiunal eoHeciJon. 

Aftm* Uie adjourmiient of (lie meeting the members imjpeett»d the 
Jlellun aittl rwmghorao culiiait ionB- 

On Maiy ll>S7, ti rommiUe#^ of three, ap[iaiiU4^l by Dr. Ablior 
and Mr* Borie^ conaisiling of Mr. Redfii'bi Mr. TarUdli and Mr* 
Tmmg, met at the hrime of Mrs, I^finghorue to (he paintings 

wliich eventually will come to the Jn^tilncion to 1)fl doeely associated 
wil.Ii thft Balph Cross Johnson gift. Ahm^fei ever;' painting was 
conBidoTfiMl of audi high t|uallty that it would be a valuable addition 
to the oolltdinn. 

. * 

TUECATnZRJNE WALDE^ MXElC mNU 

Two miniatniw were ocf^uired fmjn tba fund established through 
the lieqiiiiat. of the iaie Catherine Walderii Mynr^ **for tlie jpureha^i* of 
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‘vrfrrlci of art. for t lw im: and UnioSt iKiv Naiional Qalleiy 
of Art", b9 follo^ra: “Portrait of ChnrJes Boynton Barling” and “Pbr* 
trait of K]izal>eth Ktlis Darting'^ by nuknoivn nrttat; from Bniironco 
B* Barling, New York, N. Y. 

Tilts en^n'ou.'Ut, altUougti snmU, ha£ bi 6 ytsan mudu iiCKStiblo Lhe 
purdmsoitf U llrst^Juss miiiUltities, iJiu^tatiiig liow a ainalJ endow¬ 
ment' can bo used t« build up orer a period of yeam an iui[Kirtant 
collection. 

ozKwi'm 

Port'Diit oJ Dr. Lcoulutrd Btejnegcr, Hoad CtiraLor f»f the Dcjxurt'' 
ojont of Biology, United SCatos Nudoncd Museum, by Bjorn P, Egolt, 
presented to tine SmUbsonian Iniititution by Dr. Stojneger'^s friends 
on liiH birlliday, October 90, iuai6, wsn dejMisitiMl in tbo Gallery by ttw 
Soiitlisoniun lustitutiom 

Portrait bust in brotwc of l^ird Kelvin {William Tboni.<inii 
1907)^ Britiab phyiticUi, by Herbert Haniptoii, givon by tbn Kelvi- 
nator Co. to tbe Eogtiah SfMmking Union for pieseiitailnji to lbi> 
Smitlisoniaii Insiitutioii, and prosented by llto BHllsli Einbaesy 
tliruugh llo Auiurtcaj) Bt ancb of tlie Union, 0(ttolM*r !>, l9Sld, waa dO' 
posited in Uu; Gallery by tlie Smitlismiinn InEtitutioii. 

LOANS AOtnTTEO 

A stained glass window, “Coiusuniuhini designed and csccuted 
by William WilJol' in IlKMii, wbicb won tlie contntet for 

It eonctuiuy window in the United States Military Chapel at West 
Point; also a pair of amall stained glass windows, ‘'Dante” and '‘Bea¬ 
trice" by Williiuu Williit. Lent by Mrs. WilUiun Wtlkl, of 
Pbiladtdplua, Pa. 

Loutn HAtm 

Two poitroit druwiiigB in red chalk of Victor Chapman and Nor¬ 
man Prince, by iFolin Elliott, were lent to the Art AmmrtitUon of N«w- 
jKjri for eilitbiiion at tJjo Tercentenary Bot roqiecUvo Exbibitinn, 
Newjwrt, R. L, fmm July 25 to August 16,1636. (Heinrned Aun. 20, 
11130.) 

The painting, “Higli Cliff, Coast of Maine'’, by Winalow Homer, 
was Jcni to tho Whitney Musotim of Amoriciui Art, New York, N, Y. 
for itiK BTinfllow Hoiiior Eiliibitiou which wiw lield from DeiKndwr 
15, lt>36. to .Iiuiuary 16,10B7. (Tbia wna i*ut diroetly to the Carnegie 
tusLlliiLt^ nt til*.' close of tli^j t^hibUtoti.) 

iy« pidtfiingH by Wiiwliriv Homer, enlitletl ‘Oligli Cliff, Coast of 
Maine" and “.Tly Visit of the Mt^tnisa", wen* lent to Tlie Camcmn 
Institute, Pittsburgh, Pa., for the Wbisfow Hymor MoinoruU ELthibi- 
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tian hold 38 tliMUgh March 7^ 1B37. (Tlim were retuniwl 

Mar* in and 19j lORT* Teapoctmly.) 

Tlirough the coopoTntjnii of Mies I^iU Metdilin, director of tJ» 
Southsru Art Projects, 10 paintings were lent to the Now Mint Mq* 
scum of Art, CluwloLtc, N. C., for its special iueugural eihib’iion 
frwM OcUdwT 22 (0 Deoember 31,1930, ea follows: 

hy Jollu ALeXAtvkT^ 

Dirnw 1 > 3 r Unrj 

^^onimfT, bf GbfltJe* n. &>ikt&h. 

PortrAtl &%rtcU tkf WtUtur £^dnw; by Ffnnk I)Ti¥*i±i}tilL 
by Hourj B. Fulkt. 

Siiiidcrwri. by Oww Iuhok^ 

An by Wm* iionjiaint l£c!Tidjill« 

Vtfilt of tCJcodM^uA to Clirtpit, by Jolut La 
Tbrt*: Trf*^ \ry W. L- Luthroi*. 

A family ot hy Wlltnnl 1. MiaeaU. 

iKnulbiityV Mill tVind Na 2, by K^urr W, Hnoffcr. 

Tomiit* by Jobo fL Twnehtmon. 

NQmjiihi?r^ by l>wri^Lt 'I'lTdtL. 

Ttkir Cnp aI Dtuitb^ bj Ellhii Tciblef. 

A GffnllewtTmjiii^ lij J. AUlirlk Wt?Jr. 

Automn HE Arkrtll^* by H, Wyanl. 

Scmi of tho nho'h^ pKintings vi'^rc returned JsiiiiArv S, 103T. Tlni 
f<dli>wing nine psinLings weie shipped diicctlx from the New Mint 
Museunt of Art at Uio close of the eshibition to the Uniaorsity of 
North Carolina, Chapel Hill, N. C„ fnr an exhibition from January 
10 to February 2 (>, 1037; llie paintings were then forwamied to Sa- 
vtuuiali, Ou., wiicre Uiey were cxhihiUtl at tlie Telfair AtcdBiny of 
Arts ntirl Sciencses from Marclt 7 bJ 28, 1087, (Tliay wore returned 
Apr* 2,1037.) 

ITortmll £tke1fb uf W'aUer ahlrlnir, !>)' V*rnnb imvewcli* 

BnuUtury's MJII Pond No. iL by Hwirj W. tlaiicer. 

Tbo Torrent by Jobn 13. Twnrlitman* 

A Ck*iitlewf>niftbt by Ja Aides Welr^ 

Antunin At ArkiEill£, by Aku£idrr H. Wytittt. 

Viiit (Tf Kki^leiniii to Cbjivti by John tn 
A FflimUy «f lUrebBi, by WUIarU I. MtbMir 
CATf^Afii' lurniilJtht, by llfkry OfliiflJt- 
Thiw TreeVv by L. liNtbixifi. 

'rhree paiiitingo, by iiniiet^niuiie«l artists, were lent Deromlier IT, 
lOSfl, lu tJw Puhlio Library of (lie DUtricl of Oolumhia, on folS(iWs: 

IfJtdilnwl wktk Italft uf filHtii, 

Adoraiion ot ib* Cbykt OliEd. 

lliD ClbfUl Oil Id wlUi Crmi iuhI Tvt^^i. 

An oil paintin|;r.r ^Mother Ijov'«”, by *Cliiirliia F* NnjOi^^le, wna lent 
Murcti 10 ^ 1037^ Co thm Hlgli Museum of Art| At|a^if> On* (It wts 
tt5tiirm?J ifiiy 5,1^37.) * 
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A bronzfi statiifi of Llnc<»ltk« by Auguiitu:} Suiol Gnudens, was Iciit^ 
wHU titp GORseRt <if tho uitdcri;, tUv Estate of !!hlnu <|<ihii Htiy, t(» the 
Grent Liiketi £xpofiitton« Clevelitrul, Oliio, for oxhihittoK fmtii Mny 
2ft to Soptcniljor ft, tQH7, 


mnURNEI) 

I'lic etUiUi-d *Thi> Moo^u CIiilsc^, by Deorgo do Forest 

Onialif JcRt ttimugli tbn Canicjpc! Public Ulirety nt Fort. Worth, 
Tox., to tlio Fort Worth Fronlier Ootonnuil Exhibition, held at 
Forth Worth, 'R’cis returned NoremlMir 20, 

Two small bron/;C9 by E<|wftr«l Korneys, siifUled '-Bfar” and 
‘'Coyote’’, lent witli periiiifislou of ihcir owner, Kr. WUliftal Kemeya, 
to the Dolbs Museutu of Fine Arts fur exhibltJoii n( the Texas 
C'calennial Exposhtotu were ret ii rued DecmnUir 7, 1080, 

^riiB piutiting “Fired On”, by Frwleric RetningtoR, ami tile “Por¬ 
trait of Premier Georjpsa Clcmeticaan*', by Cecilia Beaux, lent to 
Tho Dallas ^lu^iini of Fine Arts fnr exhibition at the Te^iu Cen- 
teiiniai Exposition, were rotunio<1 December 8,1000. 

Tiie follovring five paintings, luuL to the Puiilio Library of the 
Disi-riet tif Columbia on February 23, lft5>C, wpn> rututiuMl Decendsir 
17, im* 

Portmlt o( Hocir^r Ik by tiller. 

E^tiirtmU uf Jessie J. Ihirgv, by H. Hmyt-T. 

Portmlt irf Wyatt JCiitoti, liy J. Atiteji HVir. 

TLe VMt ot ttu? by Wltwlw 

tiy Aiticrt 1 *,- llydfr. 

Tho “Portrait Skotdi uf Waltar Sliirliiw", hy Fi^ik Duvtintck, I nut 
to t he Cincinnati Museum of Art, Cincinnali^ Oliio, for im exhibition 
of tho works of Du w neck, ivns retumetl ScptemlxT Ifi, 1936. 

WnilDlLiX^'ALS (ITT OWifE3fc<l 

Two portraits in pastel by James Shartiles (1751-1811) of G<wi. 
Jon^ Miles Hughc!;. original member of tlu; Society of tluf Cincm- 
nati, and Mrs. Jamnai Miles Hughes, his wife, lent, in 1932; with¬ 
drawn by their ownwr, Mudsnip Fhiiriun Vurpillot on DocenJa>r IB 
1936. 

One nil painting entitled “A Fnrnese Invemilure”, hmt in 1028; 
wilhdmwn hy the on nor, Mrs, Estolln Balcewell-Gnvii on Mureli 

3, mr. 

A reproduction in silver, made in England nbcui 1850. of a silver- 
giU. wina pilchor, altninitfcl to Benvenuto Coltlni, lent in 1033; 
w-ilhilrnwn by the owncp, CnpJ. Frank O, Form, on April 30, 1037. 
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A piiinlin;> entitltxi '‘Adomrii>n of tbo by Vm Orlay 

( 1493 -IM 2 ); wlllulmwn by di& ovvi^cr^ Mrs. MiLrsluill Larighurne^ 
on Muy 3, 

A bmn7^ bttftt. of Dr. John \Vi!:s]!>y Jfill, by Ji^ph AJiUiiOny 
Ati^hi^ii^ hut by iim si^uiptut 'm iDliO; witlMljiiwii by lln Wjieli! IL 
CNwpcr^ tIlo owritiiv on May o, 11^37* 

tiiJt wAftn itANOPi nrsn FuiieiiA5iiui 

Sinw^ It h i\ firorisifiri of Liie Hangi^r tliut piuudiigs pnr- 

gtia^l from tho ftixul imd to Atiifirit^an lUt instil ill loftB imy 

lie oEnirncd by the Kational Gfillory cloriiiij die* &-yi*vir i)erii>d W- 
ginBui^ 10 yt^nfs after die death of the iinM ti?proaentod, Rvb paitil- 
iiigg wore recullod f<jr action of the Nalionnl OaJlm' of Art Coru- 
minion at Its meeting Deceinlmr 8^ 1936. 

Two poitiUiii,^ wofip uccopted by the Commkaiun to become |ior- 
ninn^ml accc^siiimis of I he Giillery^ na lifted t^arlier ~m Ihia nii>nri. 

Tile fallowing three were retiinirsh thm l>ecoiniiig the 

iib^iilnte i)tv4>erty of the n?i?jMKrtive nrt. in^ittiitions: 

'TPIjc tir ^Ariino T-. ilhapnmii, > 2 , A,. i<i tt-p T(ili':ili> 3 luircum 

i'C Art. TitEeCe. Ohla, 

liT I>Mpiir1if W. Trynn. X. a., m iho lu^nJhite, PlttMlmTKti. Ta, 

*'netKriie> df t-y Hen Kwtef* ^^ A.< if* the rnlTmJtj" ^Jlrlil^ne^ 

Ami Arhor^ &ticn^ 


Ej'muh txHmmoJsa 

Two exliihiLinn^ wora held as fuUaws: 

Januctry IS,, —A s]JCciid exhibit Sow eojmjicjniu'albig the one- 
hmidredUt nmiivemtry' of (he birth of Tln.iiiiiis Monui, N. A. (IB37- 
1026), TJiis exlubiiinii rtmiiiinf; on view. 

Aprif f^S&. h9J7.—Exhibit ion of iho Armind Mot roimli’^ 

tnn State Art Contest, 1937, inniar the ixii^icei^ of the deparitnent 
of fine ai'ts of the District of C<ilmnbin Fedoratioii of Wcmiens 
Clutis, cnofNiniiing with ilio follijiwiiig IVaflliiiigion un orgnnsKA- 
tmmi The Arts Chib, the IjCEigiie of AiTiorjcaii Ten WunieTij Mioin- 
tini? Pahiiors Rotd|itrnii and GniVrra SoidoLy^ Rocioty of Wpahing- 
ton ArllstSi Wiishington IjfiinhH^api? Ctrib, Wanhingioti Society of 
Etchers* WuMliinglan Wafer Color Ciuh^ and a fms laneo groiii^ 
There were 30S exhiidt^, fmtdi?* paint hi gR, and scntptiire by H8 
artists. Carols wen^ issued by Iho tiallery to an oiwning vicAv* 

TilK NATION AI, CXJLIiK^TTCON OF Fl^T AHTW JEr^rfcllf^nS LrJJBAlrr 

• t 

The 3B8 pnbtlrations nccsssiunfid during the yea^r obtained 
thrfjtigh pnrclinse, tmtisfor, (Hft, and exi^iungc* f}na himdi'eil and 
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nine voltuncn of |)eriodictib were eeiii to the bimicry. The pli^ltal 
e(iui]nnent of the libmry uttpmrod by lepluoiti^ llio rtenetrong 
wooden hookcusoa wliti steed aholves. 

Miea Lueile A. Tonoy whs appoiiited libreriaii dauuurj 18, I04t7. 

SPlSCIAIt DwrAJfs 

Ttw Acting DirevUir was detailed 'from Novonibcr 4 to 7 ^ 1086, 
to viEit the Symcnse Museiuii of Pina Arts. This luade poBsihlo n 
canifa] study of Ute contempctrury work in commies being done in 
the United States. He atso visited the Waltora Gallery, the Baltt- 
jnoro Mufieum of Ait, and the Mnnicipat Museum, which is tlovoled 
to the relioa of Bembrandt l^ale and liia time. 

A seomul detail from Dec^t^r IS to ^ ld88, was granted to 
visit the art galleries at CHaiwI Hill and CharhiUo, H. C. 

rDSuiMTioite 

TbLWAH, It. P. OB Cbo National llatlerr of An for the Toar emtins 

JiBw S(^ 1900, Aivcmdlx % ttc'iMirt of tlu> Soeretarf of ilti) SpitthBcnUaa 
tnittlullun for l)w rear etuUaic June ait ItXMt t)ti 
liosai J. £. Itcpart on tlie Fruer flullorj of Art lor tlur jeer icnilUvr June 
8(\ leSCL AptKuillx 3; ]lr|)Qrt of ibo St^murjr of the Smltbootilan Initltth 
lion for tha tw radins June SO. IQSS, pp. SS^, pits. 1-2. 

Respectfully enbinittetl. 

IL P. ToutaN, Acting Director, 

Dr, C. G. Ahdot, 

Secretary, Smithecnian Iruiitution. 



APPENDIX 3 

ItBPORT ON THE FREER GALLERY OF ART 

Satt I tlw lioiidr to tim ^vofiteiaiiLh mjuuiil report cut 

tlio Frt>cr Gnlliiiy uf Kri for tho yeur tTiwie 00, 3337 : 

Ti€E co^UDmro^if 

AjIUitro^? to ilw collect ions liy {iiircIuisB nr© as follows: 

mo^'iK 

37JfiL ComUodliui tKlmutr}, tvreRiii A HiOBd Buiidtiii. €)oW^^ 

firaw wEtli B tTi!«fei pntltin. (US to uw nEi 

Ctiliif»o« «uri7 Cbou lijniiBtj. A c€>Tciii<f>iihi1 veml of th^ tjKi^ |rv. Wlillo 
Urmw with n fotJSb nmnt tiotlim; ifmII b™# of tiiuili*!n?d tiwUI oiid 
earthy loirrtiHljiEtotL Ihs^bTnlloti 1i^ low MM* lii^rJfitloiti Ui 
duLfsiTicis. O.nn bj DJjOS oiw alt 

37^, CbjDfiifie. HttD dyimotj. A tnlrfar; no-callM TLV EJi»i Tli© BUfBice ii 
InuioK'iUatcif wkti m bindc pniJnn nllgliMy cl4iii0<i^ willi 

im (bo fncf. DlaiTtnlHr^ 0.113s 

37.1A Ohiuw. labs Hnn ^ Intnr. A mirror. Tlie ttirfdA hnii h ^oesj 

iiio(aJ Murk fiittLoji vJlli smoO oroaB of ffrrtHU nn Ibo (mokl 

hrtlllBnt inur rlMucU'tt wUU filAole ana itrw?si on Itw? tMno. ijoconi,- 
llnn Im jri tilifib niuJ iiHiinftfrsiLLik InOdiiHkin of M ctmtndofn. 

OJarortDrp il.tRCL (lUiiirtrAroiL^ 

37.H. Chlntw, Sla DyimBUet ijr carllfir. A mlrjmp. Tin* Biirfaw ban h ikitk 
olivo potluji iku llii* Li&ok: brlilliilLl biulAb jpny tui tJii? fnrcil 

eartlijr Adlt^ona TI 19 |>rli]'?l|Ht^ ^ccoratioii fa gf flsnns aoil borao- 
^rnwji charUptn lo latid^jTifoly rttlifif fJlBnij'^UTi 0,3lil. 

HAnummwT 

3T.n. Amliko. nmUiry. A af4!0ati tif Ihl: Qirr'flji (frciin Olmptrr 11) 

writifFi) oit SS j;«irrbiiu^nt inier liUnliiiiT of '^tmirbEmr (ffliter* 

KuHc wrrlpt lo ilnrk krown Ivki dlpciittra In wnti oiaO 

TThw-NioTM, liy {i,n3bp (ntf. 

Jt7.ll. Amhir« iilntb^(n&t)i etmtorj- A fmrrluqnit Ibb-T from n (tMr'in fdlU IftU 
|HM 4toiitjED» In auiil, [uiitbiiii^p ibn ul n ildiFitnr bekI 

tbe lioptltmirvjr of BOiALtir. 0.1 SI by 0.190. 

AmVpICp A. f>. i£83v tBqOt at-1^tiiiitniiHintp cnillampkw A bciio^in twufc; 
Intrr hnthcir MiiAliut (tiTOkofl): 'Fko coUr^toi) Tcrtrs of nl-HAtlln. 
7^iill& ituL tum j Ai l Krlpra In hUaslL Dar^NJ eolooboop 0,277 kj 0 p 2CKI^ 
iimniBi* )uikl 

37.tL ArBMf^p funrlmjtli t^L>Atiii7 t7>‘ A ti4it#r^ciir from q UmHt 

iHTlpE tn fro14i o$iib HiiiTi (o n d'tiictiLkff tn btiHr rnnA ll|^t iwt 
tUnmJtuili'd mitl twn loarittuLt pft^Pltl liy 0.217, 
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AmhU^, *?ETitnTT A paper Ti^f froni a 

Kcu^r dcrlpt )u fotd, il iliMti^ to m iiiisie: dInrrIlJcfi ntui 

inaritfaal oraninc'iila JUumliuitoU Ju ifolt! aoLl UUiv^ by ft2r>l 

Arflhk- fTnr^eyj, BCTome^i^lttt cvutnry ^r\. A boimU ietithcr 

IjinclIikiT filiiTTiajtiN]): A coUecOon of lirftyen enut3<!d .IfHiuT/ff/ Qur^^n 
^iiifl}], c3t*tir iTHffcftf acrtpt in block nii imper loov^q: brail- 
Juj^a Jn 111 ifolil null hLEt^, Golflcn ■rirrsac-stoji^; fltimiji- 

BAtod POTHPr-ifcliwea, OJ2R2 by 0-1T2, 

Arabic fTiirk.i»>’), Htxtof-mliwTDutiiieiilh iH+iiliiry {t). A aectliPB of tSu* 
(CliapttrB liXVtl-l^CXVnil 1 !«iiier lilDdlDg, AnGnmtlotiM of 
und lAjiifk icrlpU^ iu liLnrk ^ piipcr TlUeji in 

fmu. or bliio. 0.31X1 by a^P; IialC. 

;i7JS3 ilT.ak Arabic tPcralitf, Uls Icntli Cflatnry, TVo lwive« fm/n □ 

Slf^iter mnv tertim $ii dark brolTJi Ink iiti pa^cr; dljiBrlllra 
Jji rtfij, bttiwn, and Oliit niinuliiaiod cbitpEer bradlnt:^ ^in3i 
remi), nun^Liml liYlJoiiary mnrkih nnd 0^40 by 

{Stm lUufltTiitoiLJ 

;^?.4K Ara«mk- <J3yr£nc>* A. D. A Iwtind roluiltf- (wepi luksating); 

7h0 jVoir .rrffiffnrHl. A'iifrnn^rcfo >aTlpt to black mid ti*<l cm 7 pnpc-r 
b ATfcj idim jiOKjjtiipnl Icari^ Tt,., I’lik-iihpti*. by 0.1D3, 

DTern^ Iciuf^ 

JSff.IJI An&f-nliu], A. HXIS* and lElTD- A voltioio in coidpiii[toinfejy bltnlLni^ of 
ImLbrr avi-irluii) with ml viilTct niMl atlvrr R]fiiU.|rini: Tlw 
ticnnt|ln« to tlw J^nr KTanacUstH. Uiftck. reO, blue. Bmui, ima efllileu 
™m«l Iinnil f b^Hwer^fr} tqi SS& tuircitmvvt initlalB. i«initmplii. 

tim-lMIpw. flrrt,A«., and o tiilb[wi^^ mLilmim!#, dl k («n,rs g,|u. 
Dated mbipboiuL O.S5a by ai85 over all: <1:143 Jijt O.IIK bM'Ta«»j leal 
Armottlnti. fonrtM'ulb reatury, A Tsaiber bctmti volttnie: The PotWw of 
Hi« uRb-xlAK tliiiR-h. Htaek. nil. blue. nM (roKliiu, rDunaimt*a 
(Morplrt ou sue t>a»hnu!til lHiiUtTfns (lit); lllumliint«l 

headlines (01- Initliiia (TU. umt tntuErqitbs (?il). CalDiibon. 0124 
by (lOSiS owr all; ailO by 0,(133, Jiveraat Iwif- 
nT,m AnnealaB, A it. iraO-i. A tpalber Douiid vultunt with nlJvw elojp.' 

lb- .vflHBirt. llvmMi iShor^nnoU). fiiac*. ml, am] told^a Moud. 
hai,.| liWifor^r) ^ui n.uai<») t,u 437 ourcbiuetd IraTesL 

Miniatures (luj; Jlliunftia{«a bradijJAnw fOi, laldnla (hr) „<( par- 
esranlw (14Ji pilot 11. DatevI lira,|-p|«e an,i «l.q,han. u.V^ by O.flsft 
vv*‘r nil; n.llii by f^.0j^ nvoraat Jput 

3T^ «T.!L p.,rd«i,. aUlrtsnili iTniory, n,rw froin a injuuiai^rlpt of 

Tatnf a.ZWa(^d by Ja„.i. M leaf Is (,i|„t,l |„ u^t 

of ^trtoreO jwtHT iiioin wliU-li t..rdi-r ,>r aulmalo, bfrda 

fl ^povloL., and tlomi a:rolIii u« exmUHl In splfl. oaS2 by 
ai..O, a ventin' leaf, rnnii the eniiia niiiiiuspyipi at .'WVlbaii.ia 

I. Muhinod Ni»baj.r.ri. fttlHsfaphor. niw na,/a-d.j «^irt 
Oil f, UluiuiDUtcl limtdplaca. Coloflinl. 

II. A eniiH-iian af lyti,, ,K-:ats MJn.iTe «n,ta‘tiv wript oi. 13 
I pniHT L^^er. jsidcli Idimdtrufrd- 

ill. Sbllni sl-tQiib (NTjhftjiQfj). C4Ul|,„piK,. ^old saefa-Wfl 
tCTJpt in wbtU? on & ^mvu poper CO^dpljiiiu 

O.iMU O.lffci;, Jeuf 
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FATKTTNq 

37*Ta dilate YUti tK-rtw3^ A- D. By WU CIiCii tA. D. 1V5® 1354). A 

rivffT LnititeoipF untltind “HElJiiniirn^, iiftt<r n by Ohiii^ 

lulr An iviiirr. Sl^utLtnrff^. InliFJ, fkKEtu^ find dbiiHt iioliiphim by thti 
ftftlfli. Urthfcfrmao: by 

97-25111 fndimi. RilJpijt+ Rajd-iftbslftl, iMlury. A imuFtetil mcdF fWtiATrl 

rtlyfftf) : ^ nlgiit bcpw witli twi;i fl^ircs^ii ilulI bcrz 

KkU) color Dtt paper. laRcr^pdco. 0.lbG by 11)42. 

S?.42, Tmtlfliip Rnfpul* (Kfiiurral), t^mry, A fiirl witb h pci 

Fbll cclor m pupcj. u_atl liy 

^7.43. IndJoti. liajimL (KabRt^lJp Utifs rlithLc«iiUi century. A mur^ai 

imKle (J'tjrpii, : Hjiilha'A tnllpttje—a feeue on m tarraco. Ccvtar» 

rub ^pur. BAM by CILO^L 

S7*+l Ibillan^ lEAjpiib J^ntlArt (fOlmrrA^ filfiblacntb^lilfii'teciiUi diiiLEiry. A 
iiiEbilrnL tLidkU* rdff2) i FtAdha'it LAtictEC—in a fOlftluiL CuIuth 

Ob rwnpw- 0.1011 by O.TflT. 

fonricENiLdi ct^utui^^ Two papfT leoyiiid (ictmbic^J : ^tbdle^ 
uf rrct** fruBi ^.Hi^-lura Onb>o^^rfl(^Uy* Cblui* uu paper- ftOOO 
by 04!:^! 0,064 by UJ20. 

37.22. Pcfrittftii. HenlMtCLoob )atc UrtCHriitli citbttiry. A dmEEimlary^ liOLipli^L wIUi 
lr« U^^fvjwr, I'bO coior nml sUsbl coM en ml in by o.i-wi. 

:r?.24, PiT^ab. Horat bcLooI, kite Ofcccnlb centory. ^lia ri^pbcu JlHlna Qbd 
at I hr FuiuitbJb ul Ufe: An •titlMlr tmm Xl^ttil^a 
dt$rm^tr^. Oolura nod illv^r tilbtltuiw'ai un inspt-r. b.U)7 by BJM- 

U7.30L ttTvliiii, Henit 4l-LooI- OltcciiLli cciLtbrj, T^vt^ EleiDCU^ip rulterCTl- vtw wtUl 
cup and wluc ftaak, one blaylbif o mitsteal IfmcniutDiit Tiiiii^ Orawtun 
with ftdditkmfl erf iiobl oti paprir. 0.140 by 0.^^. 

37-^i rf-mtaiip Ib^rtt iKbrniilf nrti/H^iiri ccmitry. A UuhKtiinii kiniug m Ikiu. 

CoJord and icold oii paper. 0440 by G.£ll>, 

37 X*erRUui. Hardt licSwwoh fiftioebUi ceattEO'. Tbo nbdiKlIoii by mihi an 

lOimcrntJoi] of un ajUnoilo tii the ^^The Efjfght l^aradlBCfi''f in' 

eluded III the Anitr f^iiftruw EOhtbwL Pnll telort cold 

nud iUU'ci' (diirkeimh cii jHijM-r. 0-27^.^ by OJbCi. 

nrj. &4i£iiwt pcrJbdt mld'alxtcuilh •ci'utury- 3ljiUi QtiU An 

ao^L flyliiif. wlili ctip mul wJhe OaN);, lr\ Ink. akEsbi Unt iiEtd $fald 
mt pbper. Sljcmitiirc. O.ISO by 0.1 STk 

37JH. E^mlAU, SoTawf iKrriitiLlH «k2ED<±ulb nriiEury. By HiO^uiuinitiil at QnrlL 

i^irtrolc at w (nrln^tt n litajille uf gidvl btecuile itguriNl ifcttli 

jailni of E-eitdofii amd t.TnilJv*!.n. b''iall truitor mid K“^d oo puper- Si^- 

bntbiF, mibO by 0.100, 

37ISO. I'cnsbab. tUiftiwi |ii*riii4i mHy nlxbN-istb ci'nluryn A iK^nst'^ HiEjdtrd ftnd 
bridli'd, tkEtetiOril tij n iptnitd. Kitll color nnd irctil ah ]upi!T. tu^ 
wlLU nn anrlbtiilbO to Mneler tlsytUr AU- 0413 by 04im 

37121. remljin^ Bjifftwl twriml slitccntb ^H'E»tury. A mmcK TlclOy cupnrlstkued. 

and la la coodoetor, VM lyilor quc| y^th\ on J;Mn.perp i^igikntiire uikd 
data vnrJitun wit bln tiic border: ifbtayltb Mntminnaud, U04 (A. IX 
l&Titb-T). 0.1119 by 0,1^ fUliiiiinited.) 

ar^ P-iiiraLnn, Safnwt iw-rttMl, fftitct^ntJi riuitiiry* Ib^FtwU of n yon an pfinoi% 
with 4 parrot m lila wrlnt tJm drawing, vrith jiEldttJe^ trf color^ 
on piippr. 0J4i by 0,08?X * * • 


V, 


I 


4<} ANNUiU. tlRl'OnT S3M1TU?JJN)-\N INSTITITTION, HttT 

turiLikt 

XT.to. Biuik tlfttaiiQ'. Avitfi n mtEkiatm* tjiqc wilt* lutmlnr 

JumiUi* Atii] jero c^iTmipubitliic bnlis In Ute fiMt-rlin. [Hniim, hord 
cJAjr; liutrou* pnijr hIiua i«Ltb ktcn, imiEu]«r <T«eAl«. •)AV2 by 
0.061, 

ay.lT. dilucsi’, ftiwe ilynnsty. n top tiO'tilur, trtiii wide 0Tc-foQ<>d 

OitAipp. tlanL gnj porcHuii^nit clay; lTi«;imiii ^yUb gnit'n giAKr, 

ouidtnin tfmdile, QjO^ by (XICR 

37.16 Cblurac, Sinty djrdiiiitjr. f.4iit^li‘Aaa yim; a raae wttb lunj; lu^ fiifd 
rwi> Iwiiilibn of Ruli foitn. tliiniL ileiiac ftoy; iniilnviu wladoii 
o.sQi> 17 aits, 

StJCl ttlinyi'i IRutXti tlilnivAth rnttory, lly ’Alt bin Yflauf. A 

bowl (br«b«ti Will fwiiolftiJ). Sufi, mii4f, wMiv i-lay; vrbito tin 

^iliwl ylaw lerBluM]) auil n Lnumtim^) WAsb luulitf ita* ftMiL ’riia 
Oworotlim of iKoiif* nWt ttorw* t* tmlwei) la iwlyvliruma oiiaiMl* 
aad Jeat-£n|fL KuBr litmiptlnm tniiidn; lonnliitloii oaullo; 

iHith «IU> utKWiliiR!. 0.06T b>- OJiOa 

3VJI. Syrian, etoroirtlrtwclflli ceatiiry. A [iltntur, tUtn-walM, wlili a tow 
fpot-iim (brobtai fliid rvpolnMlIi. Suft. mttly wlilta otaf; miuii- 
wtilto camarl itUnni with tracea ef trlitawonc*’. Pccarwoi] wllli n 
liAtiil pf Knllc ktterlwt In low rrlUif. 0.1 JW by atSO. 

3T.in. SyrlMu, twrlfUv-tfilrkwiitb ceumry. A filicTiPr (litokPH and niialrpd). 
Fairly hanl, whiln «iHy; Jonroue wtiltK' eiiamri ylnw of ■Ky-abdi 
ro9;(um Tha Oacoraitoii fa mrved In nijuf. wlLli i1«taUa la iiUrciii) 
wnric tlllpO with ilqn. Q.IOQ Eiy 0,063. 

CuraUififll work Iuia, aa bcrotv, in llto liiiiily of 

Chim-ee, Tibetaii, Japutieat", Ayainaic, Aniiotiinn, Amine, PeniiiiR, 
tkHt Ititliiin, anii (TatnlKKliiin objects iti Iho cotki;ti(in, of tlw (eatfl 
and seals aemciotiKl with them, mid in tlie preptimiion of thia um* 
tertaJ for GuJIeiy rtBordfl. In adtlttton, Slfl objects and 886 plmto- 
graplis of objects, Oriputal for tbo must part, were siibmtttbtl to 
tlifc Curutor for iii|jcrt opinion aa to pwiteuariec, ngn, tiuaiity, or 
other Rijniiilcaiu'C. Writ ton or oral reports 011 tJiesu Lhin^ wen? 
made to llw institiitioTtB or privata nwiiera who bad miiiested tids 
service. Written ImuHlBlioiiii; of 81 inserriptiona in Orientat lan- 
ffunges wore ateo made upon roquiwi, anti 2 inflcriptloiis^ino in 
Chinese, tliu olhar in Egyptian hieroglyijliira—ti'cro for 

Ihn list* of two Depatttiwniii uf ibe Qovcnmioil. 


in «jdiUnLii5a) im^ulTOel 

follows; 

a lotsi of 112 objects, 

h 1 

llrtiitK^. IThliuaun 


Pf|KnMiig(»: 

1 

Aninrit^nii 

f¥> 

fThtriid^- 

—— i a a * . ISp- 

f!3klntVfiA ^ 
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AT1XXDANCZ 

Tho Gallet^ lias i)o(ui o)M!ti to the ptiblie every day from 0 until 
i>*cioclc, will) tho escepLiou of MmulnyiK, Cbristuiiifi Day, oud 
Jfew Yetir'B l>ay. 

Tlw total nttimdaRCe of visitois coming in nt the main entrant^ 
w)W t40,fi8l, Tlte total aitonrinnee for week-^uys, exdtisivo of Ifou* 
days, was StuulajB;, -t^sSCO, The avorago wrok-day nttoud- 

anca was iW5j tli« average Sunday attendance, H&7, Tlio highest 
monthly attendance was ronohed hi April (*40,837) and in August 
(H,0S4); tiin lowest montlily aLtoiidniicd lii necctnlier (ftAtO). 

'nuare wows I,COO tnsitors to tho main oOlco during the year, Tiu* 
purpocKS of tlisir visits tvnro os follows: 

Kor ffiiMunl lufornmUoii— —___—_ afiJ 

Tfi filijt'scl# In _------- a4fl 


I'Bf Eoflimi _______ 

TllH^an tiuliiL!ttsSL.. .. . . .._■ , ,. - 

N«ir ISoQlerti mUirtufiS itc^ msntwrrirHis ---- 

JSnift Tndtnii tmltitUij^ _—-- - 

Atntirli^n pAlnlJiiBi ______ 

"Wliliiilpr pri Hja. _ , , . _ _ , _ 

OrtfliUl pottery, jHdL". KUJptiir?i9 — 

HyxsEillrw objecto-^_ __ _ __ 

Amcriciin --—-- 

iianwtnipiw^ _ _—___ 

To road in tin* ilh<ngT _ _ 

To i3aAk« tmclEig4 tttid Akutcht'tfr<!ui [Lbrnry iwokiHL^^^ 

To *cn biilhllni; und liminlltitt mi . _ ______ _ 

To tilftain p«4nni«lnfi to of lltoch__ 


To submit oliJfHftff for l■JtlltaLnntic1rl. 

To i'aEamlw Or pqmciliiiJiQ p1iDtosni(J 
To mtf nKmalJCTa of fbe itiif 
To M?Q tliti D7blbl!lori ipiUcrles oti MoiidEijH. 


_ ^ CS 

_. ft 

_ ^ 

_S 

_. k; 

14 

„ ^ 
_ 2 

... 1 


2Ct 

& 

m 

T 

370 

40 


A 24II nociG^ri- n^fMvwn 

TUtw iLliistratc<t Uilkn {pvcii by mombors <tt ttit; ginft bi^-fnE^ 
tht^ lociil orgivnif^itioTUi. 0|mri m|u^, lf> gmu|»3^ mngiog fmm 
*2 lu 15 porecHiS (ttitn! 149), wijn? hitpii Irwtruution in tlta tftndj 
roomi!;, nnd 10 groirp^, rringitig from 10 tii Ml pcrsoiig 262)^ 

wiire If!von docont sorviTO in tbo o.^hil>UI<in prallorics. 

l’EBESf3?trNKIi 

On Ft^lnmry 15, 1937, TItomaa R. FullaJovo, painiftr, ralimci, aftor 
IS jisaTB of most excalladt eervjotx 

Oriico *L Whitnay worked hitorndlteiiUy ai tLc Gal lory turlwwin 
October 15» 1936| and Juno 193T| on of FcrMan 

Rc!i;pOctfully gubjuiltori * ' • 

iL E. r.jjuy£, Curatort, 

Dr, Ce G. Afiacrr, « 



































APPENDIX 4 

REPORT ON TfrE BUREAU OF ^UlERICAN ETHNOLOGY 

StB: I h&ve tlw honor to subtiiit ibo following report on lUft tielJ 
researches; oOiw work, nltd otlier operntions of tlia Bureau of AiniiUN 
icaji Ethnology dirring the fiscal year otided tfiiiie 30,1937, ooiulucted 
ill acoordaiiE^ "with the tiot of Congresa of ACarcli 16, 19B0. Tho act 
referred to couiains tlie following item; 

Anwficati titLaolomr; Fur caritiaaliu; ettiualDpicol tews&rclics nmonf lUe Aiunf' 

ii-nn inillim* fttiil tbit iiHliTw i>f lUmJl. ilui escaTatlfm and ;»resi;m>Uiio of 
Hrclumingic rcftialiih tnuliflr Ibu dlnscUoft ot Llii> SmlUiiftidau IiiBtlltiUtni. icflud- 
Itig Cj(?ttsaarr cuiptojaca, lhi> proparnlitiu iif Bfidauserlt'tSi drawlnB?, anil Uliit 
trutlaue, tlin riurclinee of 1»otw and neTl'odlfaTu, and tra vclJnji eSfpcnJses^ taS,T30*(Xt 

BTSTEBJATIO aEHEAflCIlES 

M. W, Stirling, Chiof, tlio niiijor part of tlie fiscal year in 

Wadirngton, during whieli tiiiia tlip pthiinlogical rcfiort ou Lite Jivaro 
Iiidinns of ^uador waH ouiiiplotiKl and Hiibniitted to tlic printer* 

At the end of Fehnmry 1»37 Mr. Stirling left Wnahingtoii for St. 
Augustine, I*la.. in order to uitend the coiifercTico held under tlie 
auspices of the Carnegie Institution of Washington for tha purpoea 
of oiiiJinlng a program of research iBiicftmiiig tlie historical and 
arclteological past of the city of St. Augoatino and vicinity. At the 
^miolusion <jf this cunforcJico lie cotitiiiuod to Manatee, Fla., iu order 
lo asaminc soirio intfiroslitig newly discoverwl nioundfi in that vicinity. 
Continuing ii[j the (Julf Coast of FkiriilajU visit was made to Bristol, 
on the Apiitadiicoia River, whoro o slicfiil collection >vus triade on a 
large mound uoar tlio river south of tlio town, Mr. Stirling tlieo pro- 
cwsdecl ti> Pananm City, Fhi., in oidor to ijliotograpli several private 
archcotogiial ctd lect ions. 

From Panama City, Mr. •SUriliig wunt to Macon, (ia., for the pur- 
pose of exnmiuiug the large archeological project tliere which was 
iliawgureted by tlie Sfuithsonian Institution with the Society for 
Georgia Arcfioology niid now being conducted under tlie anspkee of 
that society by Dr, A, R. KuUy. From Mticoii, Mr. Stirling precwilcil 
tft PhiladelpKia, Pa., in Older to attend the luteniationaJ Conferancs 
iiTi Early Man, held under the anspicas of Uie Philadelphia Academy 
of Sciences. On the conclusion of tide eonferonco MK Stirling 
returned to Washington. . ’ 
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50 A.vsnAL uKi’ortT kmituronian iNsrri'trrrfiN. nw" 

Mr. Stirling wns dnlcgnted to rejiruaunt tliij SmUKwnmn Institti- 
tion At iTui nuiCting Itold itt MmUn, Piii cut Mny 13, tOST, in honor of 
the 0116 UundnKUh ftimlvorsory of tlip Uiith of DanhO Hrinton* 

Dr. Jolui It. SvTniitou, ollinolognil. dovolocl tho groator part of tik 
linis during tlus juat list»l year to work ns clwiminn of lIie; United 
Stiitos Du Soto Expeliidoit Conunta&ion. This iiiToirsd field 6A|wdi- 
tioioi from Nomoaber 11 lo Ddocmbor 9, lOSQ, nnd from Mtiy Ifi to 
Jano 4,1037, oxcopt for 0 days, Decenilicr 3 to 3, deroted to u meeting 
of tlie ConuniEsjon nt the University of Alahnma^ Tu.'jcalooeA, Ala. 
The first fielrl trip extended over parts of Florida, Georgia, Alahamn, 
Misaissippi, LotLiGiaiui, and Texas. Tlie second woe conOnett to ati 
11110031™ study of tliatBcctioii of Do Soto’s routo wliieh ptosed throngli 
nort.heni Missiiflip])u During tltcse expeditions small colleetiona of 
fKitfilKirda were made, which wl I Hie of ossistaiic® in sLinlyiiig tlie cul‘ 
tores of tlie prehistoric inhabitants of the several areas Tisited. As 
chairman of llie fact'finding coiumittoe tif thu same Commission, Dr, 
S wanton prepared n re [tort covering about (KJO tyiwwritten fiagea, and 
tills WHS ado])ted by iho Conmiisftiou at its Tuscaloosa uieetlug and 
tmiljoiijod in ils rc]>oi't to Cougre®. TIte entire report lu*s since boon 
sulFnlttcil, but, os publication lias not ^ut Iieeii ordered, it k still pos¬ 
sible lo ndd material, and he ben gaped in doing bo. 

During the year Dr, Swanton also rnmle eoui^ additions to lus data 
on tfie Iiidimis of the SnnJheast, and he has lieon wllocting from oHg- 
inal sonrt*s ttie jjiout important referonocs to the Quapaw Imlkna. 

Oniil thfl end of tho fiscnl year Dr. Sivnntoii ooiilinuod ns a inoiidnr 
of the exeriilive ooiatnlitre of iho Divudoji of AnihmjKilogy and 
P^tihotogy of tho Nnlional llescarch C^miioil niul as vioo-iJitjeiiient. 
of fiection ti of tbti AmuricaTi Asaooiation for tlw Advaricoint'nt of 
ficianco for the enrrenl calemlttr year, 

Dr. TrtiniHU Mtcliolflmi, ethnologist, renewed his reacurchra among 
the Algoiiquian trilKs of the Jnniis and lludaon Huy rr^itm under 
a grnnt-in-iiid by the AJiicriran Council of lA'ai-owr Sociotios. Hu 
apont some limo at Moose F[ii;ijory, and a sliort time at Fort Gi^irge, 
Alta wapiskat, and liVreuusk, Owing to I he prvrmiire of sunie Albany 
Cf«) Hi MtHKje Factory and Btmm Tiidiajis foiin RiijwitV IlmiBo as 
well IIS on shipboard, he was able to do iierBona! work with them. 
By oorrefitMMidcnco ho obUinwl Home additional text-matciinl from 
Rui>ort’s Honset by mooting the manager of tho HihIriu Bay Co.’s 
jniet ni tlm Glioet River mid an Indian from L^o la Rmigu he oIj- 
taiiwd data from ihoea regions. Tho results of ilio [(revitnis exiiodi- 
riou were chocked up us much os fsasildo. Il results that tJio stale- 
hFeut iiiada previuuHly Ihif eaal of Hnnnab Bay Cree Iphtos off iind 
Montagnam-Noskap) hegini! in confirmed, fterndw fcjrts and vocabu* 
Iniiess frim] the,general area, a rnthor com[ilolc selicduJe of kinship 
lemis for tho Great \VliaJe River Indians,! hnee of Fori Gir.‘oren,lhc Creo 


ItiaHHlT oi? *niK SKOUETAUy 


of Moose Fnclary, Albany, AiUwn^iskal, »}k 1 Wi?&nutik was oblftlTie<]. 
Very obviously tho ^(eiu of oonsongumily favors crosa*ctntsiii 
TnArringe; imcl it is to bo noted thut nt the Ciivut Wludo Hiver and 
Albany both types of Lbie marria^ occur; at Mooee and Attawnpiakat 
it is restrictod to marrinj^D with paternal aunt's daugliter; at WiMuiuak 
apporeriMy iiBitliDi' type obtnLiia. Tl may be tnenlioncd lluit by Un- 
^tistJe techmc|Tie it b possible to show in ilw ploiciis named lluit a 
nntidter of old Lerms have Lktcji repl&cvtl, the term far cros- 
nophew has liecn Tbplansl by the teitn origitmliy itsuncted to son* in¬ 
law^ ute. Also Llie kinship systems favor mcogamy, but he has not 
Ixien able to find it true {nios or nlan organisation in the whole area. 

Dr. hrifihetson relumed to Washington Septemhor 0O> wliere be 
studied tlie material gst licrKl on this and prevtotis ««].»d]ttona. By 
Cdi'ree|>oriJe4iee will) nuibioii Ihiy Co.’a ofDcjuls and a missionary 
Itu olitainrxl data cn tin- Cree of Ciiiiiberland HoiisCf Norway 
Oxfnnl House, Ttoul God’s Lake (all dialects in which original 
/ is replaced by o), Moutrtai Lake, Stanley, Pelecan Narrows {din- 
leotg in which original t is replftt?ed by y), A study was mtide of tbu 
MoiitagiiiiiE of Le deune, over 300 years ago: the oithograpliy plainly 
indicates kli, tch, and some oiher variatioiu are represenTativee of 
one and the same sound. namely, the one usually tmiuicribed by /c. 
Til is fftiuly enabldl him also t4> make at leoBt one correction lo tlio 
tlandlHiok of AiiuTirnn Indians, and prove one snpi>i>scd Algonkiii 
trtbo actually wna Muntagimii^Xaskapi. Fmin correspouilnuce it 
w'fluld np]ietir tbui l.bc: dialect spoken ni Tsiatid tdike is n mixture 
of Cree, Ojibwa, and possibly Algonkiu [)n>por. This indicatea that 
iu a number of pfjices there is sucli a mixture, hut apparently not on 
tliosamti si^'nlc. A map slmwtng the distrihutiuu otul ituerrelaiions 
of till) Crw! and Montagimls-NaJikapi dinlecta has l»en made. Tach- 
tiii'al [rnijcrs have apiJcaiwl iti piMfusaional journal b, and others have 
been prepared and ttre a wailing tinhlicaiioiu I’lw Bureau published 
Fox Misceltany (Bnlletin 111), the priwif-shreia of which wore 
cuTroctctl during the fisent year. 

At I ha Iwginniiig of Lho fiscal rear. Dr. John P, flaiTington, 
otliimlugist, ppaparuid 0 report on tho Use of Forus in Lhn Busketry 
of tlio Imllana ’if Nurtliwci<iei'u CaUfomia, centering on the tiso of 
foni s{>acics iimoug tho Kariik tribe. The hnskets of iliis a^iimi are 
really built of lutiilier. flint Is, of the ehreddeil roots of Urn Orwgoiv 
piijv. But. tho two materials which moke the hoskots iioautiful are 
tlio glossy hhick of niaidonlmtr fern stciiia and tho hondsfwm red of 
Wiaalwanlia fem filiinicnts, <lyc<1 with nhlor It&rL 

Dr. IXarringtou next preiuircd a paper gn Kimm Memories of tho 
Block Hills and of tlie Devirs Tower. The Kiowa IncIjnitB, 500 
niilea lo the south, rtill hftxu memorioa of the Bhu;k Jlilb country 
of South Dttbofrt, which lliey m^iipioii wmi« I. *50 years ago. They 
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also retain know led gt* of myths regurtiing tli« renmrkahle buaalt 
oolumn near Sundsncet Wyo., on tlvo noTthwestom slope of the 
Black TTIIIb^ known as the Devirs Tower, 1)«t to the Kiowa ns tlie 
Bock Sttinding Like a Tree, A.n elabondo piiper was Snislied on 
the subject, into the geology, history, uiid mythology of the 

Devil’s Tower. 

Dr. Hnrrmgtoti next rmiidii'tl a rejiort. on The Nortlietn Pf»)» 
vonicnce of (he Karaho and Apache, tracing related languages in 
detail to Alnsku, northwestern Cnniuln, and llie Pnctllc Coast of 
the Uuiteil Slates, sncl tailing in detail how the relationeliip of 
Kavaho and Apache to the Indians of the far uortliw'est was dia- 
coveivd by W. W. Turner, lihrarian in Llu! Piitcui Ollice, Waah- 
ingtoo, D. C.. ill 1M3. "njia voUtminous rejjort. result oil in th« 
discovery by Dr. HaiTittgtoh of ii nirious diatrihulirni of theae laii* 
gnages, the map of wliicli takes the form of a wishbone. Their 
nucleus is in the far Northwe-st, oik* |>rong extending down the 
Pacific Coast atid termiiuiting a little north of San Fmtieiscu Day, 
auother eastern prong ex lending down through the Rocky' Momi* 
tain region nnd vuhninnLLug in llie Navalifi and Apncluj of the 
Southwest. Ari eiltauBlIve stmly waa inude of the PHrUeat docii- 
rnants and inai>B oti the s^ibject, in the com j ilia lion of which Dr. 
HaiTington was nsaistod by the Geographic Board of Canatla. 

A report was complcieil on ihe .Siberian Origin of the Amcrt* 
can Indian, pn^senting iiie background, i.hc narliest. historic writ- 
Itig^ f»n the subject, Lhe I'lsklmo prcblvm, the prebUon of llio nuuuia 
of crossing (whethcT by Iwiat, over ice, or by riwians of former land 
bridge), the inst.ribuijon c^f trtlH^ and ilrnsity of tsipnlalioii as 
iNuiring out the ihcory, ami general luqiects. In this study hu waa 
osisted by many other students, including rtative interpreters of 
the Bering Strait rtigion. This report suggests that AmcHcn was 
lirst disDoveiied os a result of over-popuhitiou which iWetuficd in 
till* east of Ajaiu mid forced Puleo-Sibci’jtiii jHioples to enter tliu 
Chukclii Peninsnlii. h'rain tlii,^ [mint they sigliteil and apUlcd over 
into America, using the Dii)itio<ic Islntnls luf ivsiing places on their 
tmusit, if this weit) during the tx*ri(Kl of the oxisteneo of the Bor* 
ing Strait, and followed the food supply thiwjt w'lmt is now* the 
Alaskan coast, without realizing that (hoy had diiscoverod any thing 
tTiom ihuti tin <Midying island. 

A paper was prepared m Iho Life of Juronitno, Apache Indian 
Chief, ami (be Itirllan leadHr wdtoao exitcditioiiH probably cost the 
UnitMl Slater Govenitiietit luort* iiumey nmi (muhle than did those 
of any ofjier ehiiifiniii,. and timea of Jaronuuu wcw 

n I mutely s^iwhcd, urn! da (a were compiled in chronological order, 
Tlic muterinhof^this piijXT Is caperiaLly iiilcrwding to the Anicriran 
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public as it Ueab uriUi a iwriod alrifatly cliiiutiiiig iu the nicniudea 
oi living nroiu I'hift niiQic, AJope, of tlw liisit wifu of JoiMitimu, 
was discovered to l>e meraty n corruption of tlie Mexican Spanish 
nnme GuDdnJupe- 

Stutlics on liiiguisUo tehtlioonhip b the Southwofit and CallEomift 
were miidiiued. TJicse studies have resulUtl In the dlaxiveiy tlut 
I'ajiO'Kiowan and Aztcvaii are gencttcallj* tulutedf and to liiis largvr 
group Dt% Harrington gave die naiufl Patlan. Tile discovciy was 
also made that Hopi is a Southern Onlifonuit ShoslMiuean ilinleclt 
shoMTUtgdovclopTiiiaits in common with t.ho Sou diem Califomia Slio- 
shoueau dioleet^ and eonstilutiDg writh them a dialectic gn»u{i of dm 
Axtecan family iu cootradisUuicLion to any other group. This uuity 
of iTopi witliSoutlmm Califumia Shoshoiicaii was first noticial nmtiy 
yotthi ago, die word for wood’rai (c. g,, Hopi w'lwal-rftt, Soudi- 

em Cahfornin Shoslmncan wofid-rat.) leading i turned lately to 

the difleovery. It was also noticcil hy Dr. .1, 11. Swaiituu and Dr. 
Harrington that Tano-Kiowaii ond Shostionean liovo getiptlc nda' 
tionsUlp wit h iLo languages of the Soulhcustcni CuU«d States {Musk^ 
liogean, f^hitininclia, Atukapu, Tuukawo, Timueua), Tano-Kiowaii, 
for instance, ami all the Southeastern languages nbove-meulLmuiti 
.showing the tdiflractcriBfjc prefix n«-, EoniEdiiiig, Ufied in deriving 
nmrms fFom verbs (e. g., Tmioaii fAa, to dwell; lH*u*t>). 

At the beginning of die fiscal year Dr. Frank 11. H. Hobcrto, Jr., 
archeologist, was engaged in excavating at the Lindennieicr site in 
iiorlltem Colorado. At this plnco niuinins uttcibutable Ki the ma- 
teiial culture of Folsom tinm, one of tho earliest tiiuwn Luhohiiants 
of tho Kew IVorhl, ate found. The IWMJ invesltgadous latnsdtnteJ 
thu thirrl season’s work there, and valmihle new infonmUnn was 
ohtaineii on this ImjKtrtnnt phase in die study of the history of die 
American Indiuii. iJigging was carried on at. dirte different javr- 
tluiis of the site, and conaideruhle new hone material and several new 
typvs nt implurnctits came from the excavations. Most of the boiios 
wxsre from the large extinct species of litjuui {Bl^n tu^iori} which 
die ix^ipb hiiHti.'i], but in addition a nunilwr of lioncfi from the Amer¬ 
ican camel, proLmlily Camftop*^ w‘i*ro obtained in direct asaociation 
with the bison bones and with stone itiiph’.inQiit6, *riii» adds one more 
extinct specit's of animal to the list of those found witli l''olsom 
iiiilfacto. One of the eignificant facts cijiftlirtalKMl by ihe work is 
that die site WH.S oronpiMi Iwfotv and during a j»riod diarocterisicd 
by the fomiatton of a ihick. Id aide soil layer jiroiluccii hy heavy vege¬ 
tation that thrived when conditions were more favorable than thoro 
of recent times. That the people were dixro before dio i|}ceptiou of 
ibis era of ahundiiiit growth points to an ©von greater antiqnity than 
that suggested hy tlH!! proficnco of iinjdeinojils and bones^in tho bottom 
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of tbe soil levcU The work was brought U> a dose Stoptsnikr fl* lOitC. 

In rhe ta(t«r pwi of August Dr. RolH.'rta algo inTosdgatwl a site 
npitr Kei-sey^ Colo., wlo'j© Ptiisom type objects were found by F. W. 
Powars and his son residiHilg of Grodey. Tlus location is 

on n low terrace of tlie tollijig terrain lying nJotig tlie south side 
of the South Pblte River vuJloy. Present evidence iiidicstes tiiat 
it was 0 camp, hut one occupied for n roUtivdy duoi period of time. 
Spec] mens obtainHl there lepresonl a t ypical Fobom ooiu]dc£. They 
are so siiniiar to those from the LindeTimoicr eito Glut it is difficult 
to tH‘iwi»eii gijccimea*? from the two sites. Itones are 

r^iTO, and Itiose recovcretl atv so fragmentary Giat they arc vnliudt!^ 
for iietenuining the apreifs of the animals represenied. 

After tlie oompletion of the Limlcnmcicr and Powarg giie iuvefiti- 
gationa Dr. Rolatrts pnweeded lo Sterling, Colo., whore lie visited 
and inspficted r number of Eotes in that, vicinity. All proved to be 
of more r^nt. origin than the Folgom tyjic material. From Stetlirig 
Dr. Hoberta leLumoil to Waalungtoii. Tlie autumn Tnoiiilis wore 
spent iu tlic ullice woifdug over the matcruU obtaincMi during the 
summer's investigatinus. 

Fclmiary S4 Dr, Eolicrte milcil for Cairf>^ EiJJ'pt, where lie served 
ns one of two Atmurican eatjcrtg nt thn In tor national Conference of 
Archeologists held March 9 to IT, under the auspices of the Com¬ 
mittee for Intellectual Cooperation of the League of Nationa. As his 
part of tJifl agitntla for tbe sessions, Dr, Roberts presented a paper 
on the subject “TJie Material Organizatinu of an Ardiwdogiiial 
MLsaion." This included a dificuGjinn of the choice of pcreoimel fur 
a field stall, the iieciiring of «|tiipiiH!nt, the csialilishmcnt of field 
beiiclr]imrters, and the goncml administration of such n project. At 
the close of the conference he vigitcil a ntmiber of sites in lilgrpt 
and bad nn opportunity to study methods of ciicavjitjon and genera! 
nrL'lieotogicat proi%dtire aa practiced in (he Egyptian luco. From 
Egypt he went to Qrw.'rt', Italy, Fratico, mid England and st.iidiotl 
cojlc<:iiiin.s in the miiscuma at Atlien.% Naples, Rome, Paris, und 
London. ITc returned to Washtuglon April 34, 

On May 21 Dr. Ridiertg left WuHhlugton lot Kingmnn, Aria., 
whejp ho and C. W. Oilmotw, citnilor oif vertebrnto paleontology. 
United States National Museum, investigated a fiml of mastodon 
bones and man-mada objects. Thu dupoait is bwuled near a targe 
spring S4 miles west of Kingnmii. A week’s study and excavation 
dmniuistnitcd flint tbe materia] ww a eecondniy deposit, woaluNl in 
from surrounding nloraa, and of no importance from fJic stand- 
IKiitil of association of jnan and ertinct inammalg. Dr. Rol^orts 
left Kingman on ,Tqno S for Denver, Colo., and Fort Collins. On 
June 13 he tesnmed excavations at ilto Liudonmciar site. Ity ilia 
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eilil nf ilio >eiLr aii ai^a C'ovmnj* )}7G stiuim feet had bwn 

uocovujvd, KiiiiiEirou.9 iiuplcmeiits aiul coneiclorublG ocldiLiwitLl in¬ 
form nlioTt were <]bUint3U fniin tills work. TUeso data ocfTe to muxiil 
out more tlio enjorv of tho uii&totru) atul habits of FoLsorii man. 

During tht> winter moiitlis Dr. K»jt»rte also prejuirwl mverai 
manuscripts on tlu subject of the work at the lindenmeier site nnd 
on Smith western apelicology in general. 

Ijpou his return from Spanish Hondaitts early in the fiscal year, 
Dr, W, D, Strong, nutJimpolopist, spent hia entire time in working 
over tlie nrciieolcgical I'oUections frum the Utun Bivor Witli the 
Bfisistnnce <)f Alfred Kidder II, and Drexei A. Paul, Jr., Dr, Strong 
conipletiKl (he repwrt on this work which is to be puhlisluxl In the 
Smithsonian Miscellarteoua Odlections under the title “Prdimintry 
Reimrt. Oin the Smithsonian Institutidti'Ilatn’nrrJ University Aixtieo- 
Eogical Ex[Miditioii to Nprthw'ostem Honduras, IBSfi.” 

yroni July I until Sate October 11)36, Dr. Julian H. Steward, asso¬ 
ciate anthm]io]ogist;, oemtinued his work of the previouB year among 
Sliochmican trilMJS in the Grimt Basin and Plateau areas- He luul 
two objBctivBS: First., to study the ecological biisis of the social and 
political organisation of the hnntis of lioroo Shostioni in Utali and 
Idaho to supplement his previous study of the foot Slwalioni of 
Nevada ; second, to continue his ethnographic survey by means of ati 
idemeni: list. An elemsnt list and satisfactory ccologh^at mntoEial 
were ;irocim-d fix>ni the following; Bautuiok, Fort Thill Shoshorii, 
Lemhi SlaKdinni, and Grouse Creek (northwwitem Utah) Slmduml 
nt Fort Hall, Ichdiu; Proniniilory Point (Great Suit Lnko) Shnshoiii 
at iVaehakio, Utah; Pshvant tJto (now almost extinct) at Kaiiosh, 
Utah: Gosiutc (dcterinine<i to bo actually Slioslioni) at Skull Valley 
and nt iX^ip Creek, Utah. Beforo ruLuming to Wnabington, Dr, 
Steward drove to Fallon, Nov., exauiini! guouo cavos sidd to hold 
protnbe, hut foiinil lit.lle of interest. He rctumnd by way of south- 
om Nevada and Emutliern Utah, making hriof visits tnssvcml South¬ 
ern Paiuta raservationui Tbo Tumniiider of Utn year was iIovoImI io 
propamtiem of rtfSoareb umtorlul for pubtirotion, and eight manw. 
scripts havo boon eumpleted. 

The tiCgiiuiiiig of the Gscal year found J, N. B* Hewitt, otlmoio- 
gist, on Iho TusMimm Tltv^'^n'Jition near Tx'wiston, N. Y., whero lio 
went to continue hia n^^rclies on tiiu Lragito of tho Five lnK[U 0 ia 
Tribi-fl. From Lewislnn Mr. Hewitt pnxjecdt'd to tho Grand River 
Grant to the Six Nations in Ontario. Hero ho hnd tho gtHxl fortune 
to obtain a completn Mohawk test embmlying the scHcaEJed Hand¬ 
some Lake ndigioua teaching, this diMiimoAt ct}nsist.ing of aioto tliun 
B,700 Molmwk tErma. CoTimdorahto additional infomiatlnn was ob¬ 
tained voncemitig llie Intereat.ing dual naluro of thotribal urgunbea- 
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tion- On lus rolnm to IVnahington Mr. Ho^ritt completed the trnna- 
latiDii nf thu ]l^lohu\vk te^ giving dctnlts of tlm birth anil oorijr child* 
hood of Dcgona^idii, idao nnoLlKir Moba^rk Loxt giving an accoiuiL of 
the clflncLdg lads who fioally bocainc the Plaiadoa. 

During the nmnUi of June lOitT, Mr. Hovritt ngaiii left Woshlng- 
tem for Brantford, Oiiindu, in onior to check over in tJin field hU 
two targe manitfioripts in Onondaga text, ono bdng tJie Iroquois 
Kow Year Ceremony and the other oonsisdng of the four Thaiiks* 
giving Festival a, "t^e end of Iho fiscal year found Me, Hewitt slili 
ill (he Sold engaged in tills task. 

EmroHJAL vri?iiK axd fdbuuations 

Tlie editing of tlie pnblicutions of the Burean was continued 
iSirotigli t!to year by Stanley Scaiics, editor. 

Bnllotin IH, P'ih Miscellany, by Truman Michvilson, wos issued 
Jiiring tlie year. 

Bulletin 115, Journal of Biidolph Friedorich Kiirz, edited Ijy J. N. 
B. HewitU u'as rolitoscd for printing. 

BulLctiii 116 , Ancient Caves of ibo Great Salt fjako Region, by 
■Tut)an H, Steward, was releuocdl for printing. 

An jfirter of SchoolcmftV Indian Tribes, In six rolmnes, tma been 
further advanced toward compleCioji. 

Work has been done on otW miumairipfs in (he cusLody of the 
wlitor. 

Pub! lea t ions distrihutml lolaiml H,T0S. 

(JllOABT 

Mies Miriam B. Ketchimi cmitirmoiT in ciiarge ihmughoiit Ijio year 
US librarian. 

Acccasioiia during tbu fiscal your iiumlajriMl 5S0 volimies, bringing 
Uio total number of volumes in the library to Ul,ll5; (hero aro also 
iiljfiiit 20,0f>0 lamphletfi iinil about £,<)()(' volumes of itnboimd periodi¬ 
cals and Bociety (riiitsacfirtiia. 

The tumibcr of volumes prepared and sent to bliiilery wna J.,a!{t}, 

IJbrnry of Congroaa cards Imvo been utitiiinod for practicHlly all 
of the now booka received during the year atiil for sfmio of (ho nldor 
malaria]. All now material is being eloasud in lh» library of CVm- 
greas ochonio of cla.'isilicattoii and eoparatoly slielvcd, A portia) 
tlojKsUory eot of Tiihrary of Congress catalog cnnle hna been estab- 
ludied anil will shortly bo iuotalJed in working or<!er. 

The wo^t of refiling nh* witalog cojituiiioB. Tliirtcsii drawers are 
now thjishod. 
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A j^reut. tu&uy ttUssiiig uumbers bsvo bwu rM}tijC£tix] auU miu-ly 
nJ] Df have been supplied, smounLing in xime cases to seveml 
volijincs of a set'. Of tite exchungu sets, S old sets whidi hot! Yxseu 
alto^vcd to lat>ae have tieen reestablished, and 11 new sets Imve betm 
established. 

JUiDSTRATIQN'S 

Following is a stiinmaiy of (lie work accompli shed by E. G. Cus- 
sody, illurtrator: 
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coLCtEcno^H 

AecWli^Q 

number 

140,6281 iD&tDrifll frum two ajftti on CniiATernl Tc^ttiudila, flrfivatii 

Comity^ njLp CQlifCtiH] by llqitma jn wjvrratlnD wjUi tha Wtd- 
irrni drlL Worbd Adml&tFlnittmi ilurln^f Ibe wluter uf lD93~i3'L 

fipcclmciiB.) 

142JpQI- Arcbr<ilG£knI iitiO bitnmn aUil AUliiidJ boAna during 

fnoqAd esccuTAdnoa In FloifOii (Tutlng llin winter 1PS3-214 Id 

cocpemllAn wlUi ths FccUtiiI A. 

MlSCElJlAKliXTUlf 

During the coum of tho year uifoniiatioii was fiirttislied hy 
ntuinbers of the Bureau staff in reply to numerous inquixics concert!' 
ing thti North American Indians, Imth past and present, and the 
Jilexican peoples of tlie )>rehistoric and early liiscoric periods. Vari¬ 
ous specimens smtl to tile Bureau were idcutiBed and ilaUi on tlicm 
furnislted for their owtiets. 

Pe«oRnef.—iliai htelen Ht'itkeiTqwrf jiluior atetiograplwr, resigned 
Martii 18, 1987, Blisa Kthelwyn E, Carter was npiaiinted May 1, 
193T, to nil the vacancy. 

Respectfully submitted. 

*M. W. StuiukH, Chiefs 

Dr. C. 0, Ansar, . » 

Sevrrtaiy^ Smfthgoniitn IwHtuHon,* 

































APPENDIX 5 

REl*ORr ON TnE INTERNATIONAL EXCIIANGE SERVICE 

Sjk r I have Uib honor to ^uhinit tlie following roport on tlie nctiy- 
ities of the Intarnaiioniil Exchongo Sorrice during tiie fiscal jcar 
vitrU»I June 80, 1987: 

For tliiit jmr Iho coiigresaioiial appropriation was $J4,SM0. Some 
years ago, in order to enpplemcnt the lunoiinta grnnUid hy Congresi, 
which hnve twrer Iwen gufliciont to incet the entim expeiuscs of the 
Ehcriinnge Service, the Boanl of Regeitte of tlie InstitutioTi gave au¬ 
thority to charge goveiiaineirtnl establisluauiits S oents a pound for 
forwartling tlicir ptthltcationa abroud tbrongb pJCchiU)gB clunnets. 
Tlw callections from tliat source during the year were $8,871.40, 
making the total rcsoiiroes available $46,181.49. 

'fhe number of packages haiidlod during 1037 wns 667^16, un 
iucroaso of CO,30fi. The weight was 691,461 pounds, on menmso of 
32,672 pounds. 

The following table gives the number and weiglit of packjigaa sent 
ojid received through the BxchongD Sorviro separated into three 
classes: Parliamfintaiy documents, dcpertmcntDl documents, and 
scientific and literary pubUcationa. 
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The number of boxes shtpiicd abroad wns au iticrcose of 149 
over tlie preceding year. Of these boxes, 940 were for dopoeitoriBS 
of full sets of Unitwl States goveramcnbil documents, and tl» re- 
iminder (2,0«0> worn for distribulion to miscolliineous esubtiah* 
ments and individuals. In additidii lo* the packages fcijnvarcled in 
these boxes there wient iransmitted by mail an iutuioaflo of 

16,307 over lost year. 
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ANNUAL ItKJ'OflT KanTtlSONlAN IN^JTtTmON. JOS* 


siiuesEi4 r-sonANnE ouni’ention? 

Lj l8S0f some years after the orgauizotion of tlic Smillisonim) 
sysloni of c^iongcs, tlicre were oouclutlof} at Bntssels between Oie 
VniteJ fitates ainl a numijer of ottior countries two escimiige eotivmi- 
tionsL Tins first. Con vent ton A (Slat., XX^^, tlOS), prorulod for tlte 
interuntiouaf exeltiiiige of ofEcial riocumente and scietitiflc and liiomry 
pulilications; imd ttuj RH:n)ttl, Oinvontion B (StnL, XXV, liitro), pro- 
Tided for the uiuuediato rxehanfto of the official journai. The Siuith* 
sonian lustitution ivoe nhai'^il by the wiili tho duty of 

carrying cut tJie prormon^ of tluKKi ooiivoutions nn tlio i^rt of ihe 
Uiiite<l States (Stat., XIV, STcl—f’ongroaajorial Tlestdulion tkpprored 
Mar. S, 1867, setting aatclu rrf> copies of ttU govcriimoiita) riocntuettls 
for eutchflugc purposes; Stitt,, XXXI, HC4^-CongriesBifinal Resolu¬ 
tion approtud Mar. £!, 1901, increasing the number of dovumetits for 
exchanfio i« not escceding 100 copies; StaL, XI/IIT, HOG—Ptintiiig 
Act. approved Mt«r. 2, 1901, fiiriiier bicieuaing Ute number to 125 
ropics; and SteL, XXXV, HOD—CtutgresaioTiul Hosolulioii apprnvcd 
Mar. 4, 1909, setting oaide enpiea of tJis CorigicsslcniuJ Record for 
exdiango with foreign padimiicntaij iKkltes). 

Eight ooiiiitries signed the first cont'cntion, ininioly the United 
Slates, Helgiiiiij, Brazil, Iinly, Portugal, Serbia (now Yugoslavia), 
Spain, and Switzerland. The second convenMon was °Tg »e<l bv all 
of thfie© countries except SwiraGrlanii Smre the ratification of the 
Brussels Coiiventioiw ttie folIowUig coiiniriwi have eignified tluiif 
adlieroiice Lheretc in the order in which they are liatwl: 

1. UfORttHr—tMrtli cojiTenUcina tS8D, 

2 . Afjfenttiic Bnmtillc—coiiTenttoTi A. Hj®. 

,1. ParecaAr—cnnvMitloi) A. ’1S8D, 

4. CaechuilDvaUji—both couTuiiUnnti. lem, 
ft PolAUll—Coiircblloii A. loao; cau¥i<[ilt<iu B, 1021. 
li. BEUBiiara—tKKl) ceavnatlDiM, nco, 

7. BttnaaT^—both conventJ omk 11123. 

& DuiataJcaa Breatitlv—tMiUi iTimtvRtJong, iiKJ.1, 

9 - Lalvbt—troth wuTeiiUitiin. 1U24, 

lOi Free Clljr ef Djiwtla—imiji eunvioitUiDA, lOM. 

11. Cbtna—^botli conreDtliUMt, 192S. 

12 BlaTVt—■MMWfintloji A. lU^, 

Although not nil count rit^s joinwi l.lie exchange convcntltiiia, snost 
of tJiose Dot listed above hare entered into ezchaiigo relations willi 
flte Uniled Slates and have estaljUahwl oflidid burenua to conduct the 
work. 

roKEiOM DEPoerrneirs nr oovEuxaiotTit, nocvxRXTA 

There are forwardoil to foreign (lepositorins HI sets of United 
Stales ofndabptjblinatioiis, Gt of thivso being hiJi aots and 110 partial 
uftA Tltc deijosiiory of oiic full set forwanlwl to Peru lias born 
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from llio UitliotocA Nacioiml to tlw Seccion dc Pro|>aganda 
y PubUcscioues, Miiust^no da Bclaoioiies Extorion^a, Lania. 

or fjpt^ srm 

UltilBEcrrlo do Iivla5:kmci Kii:erlinm BqeiKw Alrea. 

Aiiw; B^bllotpcii ^ la UiilrmJdad Nacit™i La Fiatiii Lbi 
y\Atu. ^l^epfwUoi^ of tlio of Bucnoft Mtm} 

Atfsmvttk S Libnirj of tbft C^mnmufmrtUb ParllBmont, ColibniTO. 

Siti^ fSooTii Walts : PuliUc Llbrury of Neflf §o»lb Wales, S^dnoy. 
OrnsNSLAr^a: ParJlamiTitaiT Library» iJrliibano, 
mwn AuvniATJAr l^irtlamimiary UbmiTp Aileluldi-v 
TAauA^u: ParLlnmontarj LitiniEj^ UottartH 
ViPMu: l*iJbJlc iJhnior of Vlctorin. MelJjoutiiiL 
Westzk^ Austbalta: IHtbik! LfbtATy uf Wc-sterc AuatmlLa^ PortlL 
AtrstPCTA: Notional Wtcn L 

flEUitux^ Blbllotb^ooe Koyalp^ Hrwfdltrift. 

BtuziL: HibllciilitReii NacUniiit. tUo ile 
CASTAiiAt LDirary ut PurUaruimL Ottawa- 

MAKrrnnA: PrDTlnelnL Ubmiy, Wlnnii^s. 

OsTTAinoi UsfttftlaUvfl Libraryi U‘orooto, 

Qunacc! JJbTiary of th* LtglslHturt of Ous I'^vliuJe of Qu«l»«r. 
flinix; nihllatt'CB ilul CotiAteiitip SanllaeOr 
C^iiUfCA: Hfltioiml CkaitraJ Llbtjir>\ Nanking. 

OoLOtfaLL! Blb^lotoca KaelDiiaL HogotA. 

t^osTA ICica: Ofti'Erui ify DufM^^llo y Canje litmJAcloaal da PtibllctUiltiiiM, Baa 
CniA: Bccrf^^Julit dir E^ilo tAnimta* Ot!Uiu:uijeB y CaijJ^ iDtorauriuiialJ, 

Htn tt miil. 

Oixqiro&LorAKiA: LlhlloUijkitso do PABscmbl^e NatlonAlOp I'rngnt 
DrwvABx; KaogoU^ HlbllDihokot. Copotihiii^b. 

Euofrrt BtiKTaii ties PubUoatJoQs; miiLliit^tifr doA FfiyicLc««, dain^ 

^aroniAT EilidnLmbiutuktPAti (Biatb Library)^ ^nillrnL 
Ef|iA7ri:i:£ DJiilliaitiiVtiiii Natltiiuilc. Fari& 

Oltij^ANY: noIrli^LQttJCbfft^ls tni not<JjaniLiilaterlnffl laxiem, LktLla O ^ 
tlAour: flpJToreltllta-BIhlbtliot^ FlrcU^rp. fDt^tory of tin? Stalfi of 
BndciL) 

liAfAKtA: UayitUclio StaatablMlotbok, Mftfichon- 
PauflaiAt PToiiaBlB4!lie SSlatilsblbllulbi^k^ TSorllii, N. 7^ 

Satowt: land-eAblbliuthok, l>rt^£Ln—^N, flL 

WuaTKWfiiTM: LaadasblbllotbL^k, Stmtcnrl. 

ClfliiAt BafrAiffT 

UnolaXu: Brjtlfib Muaifiiaik L^iadon. 

! City Librnrliitip HUcIigU Ljbniry* Oln^tfiow- 
Lo^rnos; tendon of Kwiayinlca md PoHtlcfil Sokmco- iDoticKUory 

of chb Ijoiidoii C^uiily donudl. t 
HuifciAATt A ^fjiiar*r orjudjWJdi^ai kbayrtnrA, fliiiliip£#L 
Lhbu^ iJDporlai Ubmry^ Oakutta. 
iiiaii FfeiE ^ATT:: Katloiuil Ulimry of Indand* iniblla. 

Etat.t : ddlnlslero doirEdKH*u 2 £loiii^ NttiloaaTeH ^ 

Japah; liaporln] Lllirary of Japain, Tdkyok 

LllVlA ! TilliilutlilHmr d'^olp EiiSB. * - 

Ijuaixt: CF Natioiri: Llbraiy of Hin lA^cue< of Omoro, Bwltasrlund. 
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5 I 01 C 0 ; nihnaf^ies NjM^tcmnK MfislwiH V, F. 

NFniimt^KMt ttc^nJ IJ^rjp Thp^ Hfurne. 

N*iew A^txmWf tJhmrf^ WriLiii 4 ti»ii, 

UmiiMBv iBKLAiKtf: II. M. fllAtlmictrx 

Kumwat: Ujilvcrr^tDt5r1JlljUollii?M« OiLo. ^Dfri;iosil:Drj tif tlid at 

Korwaj.) 

dt^ Fri3|m£iiiidd 3 ^ Ittlilkndotm, ShElnI^erku diQ ItdAClc^iiy* 

limn. 

PtiLAXSk! Bilillulk^qujo VtiimcLVC, 

rdBtuuAi.: BEMliitJifKni NucUnmL UdiorL 
ftiTUAmA» Aij^ijuiub TlrnnAna^ Buchurtitec, 

CaidMii tatn-iyicioiiaL Puibllicndoiintii dc 

20 , Mndrld, 

SwKiM^: Kiiiiitllifji BShllimtLrk^itt ^toekbuinL 

SwrrznuLETp: DL1lUrlr:h^1|1l« Omtrali^ nue. 

TtiwiTl Alinislitre tlv r'lnetmi^di^i Ftililli|uuT Anknn^^ 

UNtox or Sotrrn AjianAt Stok Pnri^rlii* Tiupvt^L 

Umow PF Scrnit SrjoMWT Hwi^on; Ccutmt Bciok OiaBibPT* Ut^mm 4. 

Uxjtuivv: AIMjhtuliiJiiu for GoUtiizii Bdatluiiu -with Fonrl^ 

CoonlrlfMi^ E1 dt» 

BstrintAT; Oilcliui di>GanJc latmnirlofuil i|ii FulillcarJone^ Mou-tprfdj^, 
VsizTTVui mtiUotr^Si Nfl<4uiiD.U OimLw 
VroftaLAviA f do r^mUoft, Bdjpnmi**- 

nvrnermvijtiif or rAoriAii wra 

AroTiAai^rAa; MinUjiry of Fottign Al^tra. PublJf!ritiiii]B De%mnui^aU Kahul. 

ArmtA: V\mm; MAsl^rtmt dor Stadt WJpp, AtitriluD^ 

JktunA * I^blUrirca drl IL €v&$^tvmo Ia Pa*. 

Mtaxa QEMAWi: iJirwtortrt iJ^tal dt- vm Hljuut, Hr-Jk 

Eho tm jATOiw: tHbli^Oda da litififnliUhn du BAiailo, NktbvfOiy. 

Harnarr CtiuifA: Goromnuiiit S^-r^rniyfl f>nico, Gcor^to^n, Dvuuurfem. 
tli7i4UAJA; MIpLHt^rt^ iir# AlTnlm l^niug^rcs, fSoflA. 

CUaapa t 

AiJtiiarfA; FrmiEiciiil IJbrar^, KilmuiUoti. 

JtaTTati Oij^Tunu; Pmtinrlal UbmiTr, VJ^iorljt, 

Nitw Bwakwick: TA>cdidiir$Fa LlhrorjTp PrudericlOH. 

Nova Boon a; Pravtofial BfHTfltnfi Norn SrntU, Kallftix. 

riuitcM ficwAM Lilaito; L^IntJvr hJbVMry* ClmHorfdflva. 

8AsuTc:]irwA3i t aovoTfiiai^id IilliTflJTi ttixtnit. 

CKtu^t nyj^Bwrorarjr'«nm<i 0 tnpcora Dtiimrliumit ot tbfr Lihrarv) 

CmiTA; Nniii^ Uhiarr^ rdtilos^ 

DAfram; R^ndUHIUIdlii^k^ Dcuiafi; 

DouiwrLAx Bhrttjnj^; del CimXnil Trtijidrt, 

IScittaiior: BStUoioca NndtirmL Quito. 

C^rUnmontaiy lilpriu^j HididTtRfarii. 

Gmucaitt: 

»«KiU3t: S«mfi.lt(iutitaAdori far ttetcliH- mA Aiimrhrtli«» AT. 8 Fl.>«vJiIii'Jlca. 
nAMitininf BtAnl^tEyd BtiJrvrvltbtJi-BlbHolhrk. 
nmis^^nttrrj^tiUF-Brhllcitbok. GJcwmiu 
L ftacK: P^drot of fbo Sfliuiir. 

THtrwtau; K^ftuiiiJierk'BIblifttTirk, lAiuffsiinlvirsfaitfii, Joua. 

Gmm; LUirtirj of PurLUomoC AthrnL 
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GcTATiiciiA; BlblLoE4j)itu GiuilnuiiLi. 

HAni: SttcJ^inlw to B^lnUoiu Pott-Bu-Prliiec- 

U<i:cufi 3 tiftr Blbilotofa y ArolilfO NnciftisnlBU Tp|pnripii]jMi_ 

ItMWtiH Nnllcubl Ht^ykjarlk. 

Iptqia; 

A^am t OiTMinl Kud JitdUdn) DriuiitiTwtiti. 

BXrtaAXiT Tjij ^ifln i|gw CfKEikciJ E>ri^[i rE monl, CTdttty:?^! llElUKr 

Clktl^UUlS. 

BiQAft and Oiiifii&A: itcnrconi& Dcimftmvfit. 

EtuvDAT* CBdciTKOtfliiFT ia tJie G4>rmm*efit B«iinliaj^ OvnrniJ tM't&H- 
mmit, tbinihB:^, 

Bi:ia»a.: Sifcrcbir^ Ift lEse flarcnimcitt of Btimn. Edo^atlEin iNjpattrmnii, 
BAii&MUu 

CErnuiU l^crerwciBi Onieraj AcJiwIiiMniHmi DetwHmaiU* N'ei^ipui-. 

MAtHAH^ fkyrrtiJitj iv Gie Gnrifmjmiiii vt HAdrtu, Fubllc iHrpati^ 

mmU MfldnLH. 

Pusj ah: Ghlift ewttlajy la llus Gon^mment of Idie I^uijiib, t^horL^ 

pAimprciB or Ai»A ato 4itmi: UnltcFir^ll^ flf AlUlmhiiil, Allfibnlwid. 
Jamuca: CotrmlA) flecmniT* Kliifitin). 

Libkkia; Dcf^ftnunt ct S^tnUiy Uonroriil. 

LmiUAAiA: Ululate to Affotrci Rahiios 

sialta: Atlnifit^r for Hio Tttiiaorrp VaiicttiL 
^'irvmPUBrH.Mfa* JJc^iartmetit of llctn^ Affoirip SL JoUfl'pt. 

NiOArAjniA H liu AfcLlvofi ^EnnlimaUw, Munn gitr, 

Pawaua : SU^fetartn ilif Hidacjoora listrrSorta, Fotnuna. 

Pawouay! S«cn.4aTiodo la Pn^JOifucIja do la ItifFdWtoi, AruiKrtCii, 

^ALYAOMi: Mtnliterio do lColn£:£ou«H Hxioriorw, San Sa^vodor^ 

^lAU* I>nEfflrttnplit of Forolen Alfilir^ RosJ^KcdL 
^mxrm f^imuojiETrrii: ColoiiLul flln^niwiB. 

VAftCA?f Oirr I nililloltK-ji Apostallai YaIIjCNiui. Vatknn Cilrn Bftlj. 

ISrrKtPHMWAAMEKTAaT ^CHANflC CP TIIK UtTtiH^Ah JOPHJ^Al. 

Tlio forwntdmg <>f «f tSw CoiigreswoKftJ llocorf md tLo 

Fedorttl Kc^stBr to lJi& Btbliothok dcs Preusaisclum LauUtagi^, 
liufi booii discontitiiuKl as tlie IjinilUg lias been abolisioscl. Tim fol- 
lowmg liBVG b«m added U) the list of llioee rocoiviiig the Congit#' 
0 ioT«a Ul-cwkI utid linj Fwietol Resistor; StanUikaiwIei d*« Kaiitons 
Beriie, Staatokaniile^i dee Kan Urns 5u OallDitf Stiuitdiajiiilisi de& Kim- 
tons SdiaJfhainieii, iitid StaftUjbatiaIpL des KanUjiis ZiJrEch. Tliu total 
niinibor of copica of thrae dociiinonta now forw aided ahroad ia ItJft. 
A oomplL’to list of the do|X) 8 ltx)rics is given lieluw; 

ihEpaeimiititr nr cniiujtZHSTes'jO. niociw 
ALtinra: UJetoirUa Mllipolnnw e IIhijJtpH* Jtulitiue, Tltnuii. 

AauE?rnnji{ 

dal Cducfcw Nadoiuit. Biminna Alrq. 

QClmbta da UfpniflrtQii, OUelrin da Jnfcirmni’lfltt I'lrlaiastiJarlai lliurBn* AJraa 

ACif fUALjA ■ 4 ■ ^ 

Library uf Uiy Cufriiiioriwiainh ‘-Sanbertn. 

Stnm Wales I Ubrni? iif l^rllaiueul df Kpw Woiitfl, S^ydnej^ 

QirrExuEAMi^: Ghl^r Briti^int 

WtfiYeftN AusTiiAUA.; Ubn^cr a? Parllntopfit tif Wetfiern AiirfniilAa rtrlK 
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AusrmiAt BihUotlii^ dc* Haii«e« -iler T^VI*ui L 

BiLOJUii! lRtii]Ji>tl]£^iie ilti In chaenUn- Aes llup^^ntntitOL Bncsi^Ui^ 

BLbliK^teai IL Ccmtfreso NaclowU^ 1* 

liibllvtbvoi do Coni^rnsso Nudiomilt IUq de danelro. 

Blbllfitlujcti e PabUcn^ Mnt^Aos. 

IUuia: ODvmtiidf>f d^ K«liido dn BjUiliik 

Eiii'ifliTn fUxTcih; Pr^iilujidD. do Estodu du l^iplritci Simtov ViHorltt. 
tlio Q]U!4 £k bo Sux.: Fod(in]4;So''i, Alocrf, 

Heboux : lijblli>tbi;vil PuhRni iId E^ndo de Bergipo, ArainJlL 
pAirui; DlarCti Oindui do Eiitad^- d<t SA(^ Sflo PnitlD. 

ftttiniin E]o!n4tmA?i: OoLutilAl 

Library Ilf l^pliimenfi Ullowa^ 

Clerk ot tliq IS^atOr Ooafies of RnrUamciit, Oltewn. 

CatKA ! NaUmimX Ceolrat Library* NAnldiig. 

CuwjL* illLRotecit del Capitollo, Hubiiiiii. 

Of^miiaoupTAKiA: UlldiotUt^ue d^ NatUjiuili^, Pmstie. 

Daickio: E^tAatbiimoUiek. nantiv- 

lyEsmAMKi Rl£BdiLffeiiii Uuretiu, C<»]iqidinjfeiw 

OouiifidAN Rd'iwji]: Hiblloteca doi SeaailD, Oludud TrqJUIv. 

tyurmi EUar Lviii&i± VulbiT^fld von NcderltiiidacIi-ltidL&, RotfiTiiL^ Jam. 

Buruay dca IhihlicatlaoBt Mitdati&re dcsi Finny<», OalrOh 
Earoau: Uf^draumtuko^u (Suite Libmr^i , TalJlim. 

Ohnti il>ro Ues L^iit^p Serrlce de PliifariiiBtioii ParlemeiitDLre £trnn£;^l^ 7 ep 

Parti. 

Blbilolbbyuo 4ii H^uitU nil E'^lalu iIei LoxcmlKininp ParJA 
Blbliotli^ne^ DLrociLou iIch Airwrds cofuinereinui^ Sitiilal^ dq Guuiuieree^ 
Parl& 

OiCBitAmr: 

Dwotwlie RdcJiatDS4-U||d1oih£k. Berllm N. W. T, 

Beleliin rin namlnliteiimnp Ik^Jjcip W. 

A^eiaj.T! AiihalM^Iiu !LmidesbCIclioro4 lihyMHiiL 

Baauirscawviq: BJliilotuek [lea Braimiebwei^lACibim &taatBMliiiitcTLumap 
BrauwdiwcJj^. 

UiQCJCWtffiitrjiii; 8tflniiiiiliiUi|wrtinii, Sdi^rarliu 

OmiE^iiuao: Oldnitburslicliisd Siaatatiilittmeriimi* OMenbittp t O. 
SmLATOBuwi La™: fkrlmuiiaiiuir-Ll[ipIdi^ Latidean>!|*lenj|i[a 
OtKALTAk: Cfibraltar Clardaom Ubranr noumilftEe, GUinilUrH 
flWEAT BtirAiit ; LJtFraT7 of tbe Foreign OfBco. LoiidiWi. 

Qmati Libmry of Purllammifp Aibsmo, 

OVATTUix^vt BliiUc»imt de fa Aaarublira U-tfJblaUrip Otiotctnala. 

BlUll-otocu dd OouKitiiuj NneiuiuiL Tt^^uiil^HipiL 
Umuxwr i A Atmi^-ar ktinyifarA, BudaposU 

tnuiAi l4>£iiIfiUvc Lteponnariii, yimta. 

Jmax- Library of tJi« Iran Jan l^arUaiftPtiL T^mn. 

Iwv: <JbJ!iuit»qr iil Dopytifeft, BiahilAd. 
iMiRij Fm Btati: Dali Eln^tiiux 
lTAl.T^ ^ # * 

Blldldteco dcllo Ouacfa dei DeiMtntl* ttomo, 

BlbUiHixq d*l del ttrtini:*, Bmusx 

tjfllclu dcBil Btudi iA>«1s]ailvJ. Ikruafo del Heffiio. Bo™. 

LAtfiA: Yaldta Bllilloldka, UUin. * 
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l^ntv nr ICatip^s; Library thvi Lettgiif? nf Kevttotio, 0 ij]i 4 ^tii, Switii^iiatut 
lii3uau: D^rtwttt of SUfe, lloait>v1a. 

Me3Cw: 34!rer«ljir& la Cinutm de DK|iiii»d«i, F, 

AuUAiKulJli.^i£;a I ODbenmilor del Biitado do A^ufusciillamiui^ AKuitiwnllifliifaa, 
aLHTEXiiiiE; Qoborujidor dtil ElstQdq di* Ciimpc&lie, Cntnpe^e. 

OiOAT^ ? Gct^jimduf del ^nda iIli Ulklupa% TujiUii 
OuEiiVAiitrA;: 6ul;wni£idoT dul J^Htido cld CMbuplitiai CbUitiihtin. 

CVAntnu ; Pi^rlddijeu ClflflJiL d#l de C^iqIiuIIa^ FalacJu do GobhimVi 

BoltJnm. 

Cuuu-a: CklwriMiTor de] EdtadP de iTdlfnui^ Cadinui, 

DETfijLitGP! riabemndnr C^^niFtiliic.'liiDnJ del jy^ladu dc iJiinmi^o, DurjafifOn 
^rveurla G^iie^cil du Geddt^raut del Elwiiiil4>. Gutuidjtnito^. 
OiTEEKiw: Qoboroiidiir dd £i«lnElo dv Oiierrrrrcx, CliUivtiicliigo. 

JAllaCO: BlblLuteea did Estudu, QtindulaJjini. 

Ij>n'£K Cai jptKNiA: GolH-modor iM Dl»trlt0 Mexicali. B, Q,, 

del Goblcrtti), TcEiifii. Mexico. 

MioieAiUir $ Secrclnrla Geuend dif OoUlemo del Eifliidtr de Mlclumedo, 
^[DlXhlJjL 

MoaBijoa: Fttlado eIl* ODlilemu. Cucninvuen. 

NataAtt-: Oolti^rjiiidiiF de Hayortti TeiilCk^ 

Ijaiir: BUiUo^chna del ^tudo, Matitcre^. 

Uaxmia ; ^^Iddteo Ollcifili Palacifi da OnLleriH^^ Ooxaen., 
i^tio!]^: Setirolarfii QcultiiI de Goblurtbo, PiioblAr 

Quisctado; ^ecrotojfn Ocuenol da Gebhfriia, SSewlOu de AtcIiLvu, QiieretjartL 
Ltita Bcrmra 1 1 'ui^gTeoo del E^ladOi Bail t.ul 0 Foiosd^ 
fttxAiiOA; Q43|ii^ijAitur deJ E^tado de SiimlfEi, CcillacEiit, 

Soruaa: Gobeeuadar dbil liji|fidj> de f^oiiunii HeruiiiNlUa^ 

Tahascp! IsecrotiiTfA do QaMonuiig So, Baium ife 

VtUahenDooa. 

TA«Aunj»Aft : Sccreturfa G<i£ienil de QolderuOi, Vlctarlu. 

TLAitii^; ScvmtArJii lie Goblerno tlol E*^ttido^ llaxenln. 

Vnu Okpi: GalwjnutdDr dal Ettado de Veiio iie(iartati9imlii de 

mtcl^u iuiUelUf 

YutAtla; CloU€niUErar del Estnda ^lo Yiicfliaiir AliHldu, YueatAu. 

Nf:w ZMi£AXpt Oemjj'jil Ai?ai*!iilj|y XibntEy, WaliLuismu,, 

Nobti at? StcimilaKttt, BlliHr^r^ek, CWo, 

ItBUE CAnmm d^ Di|PEEtJidiw;i, LAiim. 
l*uLASi3: atbljLit^ Nimkkiwa, Wurmw. 
l^xniaAu; &wrfitaiia dn Assoiubleii Nm-Euidiilk Lkbud. 
liWAi^: 

UiblLvUj^qna do- In OhDiubre dc*s BuehnreaL 

MlDlut^Pi' lies ABAJr^ £|.mnirC-refi, UiicbnreflL 
arJj3i; 

BlblJeteea del (3 qiikt«hki Nnetmutl, btidriiL 
Ciitiilimyn: BltpUotocfi del Parlaniom do CdtalubjOf 
^^wiCEZBLAXu; lllbUptbtHilua de rA^ftemUI^ SnLidie, ^i^;^Jrl^ 

Beme: SLaalkkaujElfU l£nuranfl tlerne. 

3l Oallenl StnnlAltiiiUEii^l dei IDiiitoiiJi 3L QplIecL 
BrliftlTEiniiKcA: SuiatBknjixiei de^ Kuntotw Setinifliuuai'u. 

SfIrLeb : ataalficiiisiJal lies Kfiutubh ZIIfSlU.* * ^ 

Hiicea: 

Ulnlslbro lbs l!lrj4ticm de Ja lU^pntilljQiiifr Lihniutlfiei du Haldtiftl, 

Bidnit « 

Gceretnar of ilie Btata ot Al.^ltov LBttiir]Dl& 
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Tumr; TiitIU^Ii Qnisd K^ttUmnl AnimLIj', Aukata* 
tTawf ur B<igtb Anui:uL: 

IJbJUTT of Parlljitnisut, Clftl» Town, Gnpo nf Hojie?. 

^mtc Libya r/, FrclbiiaK TmuArAAL 
IMmi7AT^ Ertiiiio Odciflit Oatli^ FTorlda 1178, MtintprldMi. 

Vbtecuiu; BiMlolccn di>l Coohie^i^ O^mctut 

VATiOAtr Citt: BSl^kjicca A^tollai VALknim, Vnikmti CHjTi ItaJj. 

FTJS!£1ai« ratCHANIlia AOEMCEia 

Tiio work of tlio Pertivian Eschange Agciicy has bcnn truiiafcmd 
from tiw Bibiioteea Nucioiial to llio Secdon de Propaganiiii y Piih- 
l]C 4 imoue^ Ministerio do Relnciont'S Liiim. 

UWT ^ ElfTRAPICft Jktmi&m 


AUi^ti., via Fniim 
yin PoTtocal. 

Amsr^va: Oomlat^ii PnlorluTVi de BiWlotTOUi Fopilnws, C«de ijilOTiiciiiffliil* 
OtillA CaIIao l&kl, UociiaH Almi- 

Aithtbia: Iiil:ejnuiUDUAl« AustnuBcLateiK^, NailOnal^BLbllotlHiEt Wliai, U 
Amx^ via ro7tu*iiL 

JJxiditTit: dorrfK dai I>ci]44i3^ IflU^nsntluiiAuv. ErfjlIirfUt^tHf Ecgrak^ 

BnaeUi!*. 

Houtia: O^fliin Naiif^iuil ite Batn dfiAbl l, Ln l^iLi. 

SnrvK'o do Pi?riiiutJHS>t^ latonincluMHiai Bilillotbeca Nadanul, Hlo dfl 

JaripEm. 

Jticmna OutAXA: Sloynl Ajn'I'^iUtnral oud OinnaeaxtAJ Sopltty, OiMirpltFWii. 
lliuiriHH HftTioinABS Colonial Sem^Ear^i. EelS*#. 

HuinAUJi! IniiUtytloiui &diimlJli|uea do S. M. il^ Boi de 

Cafjlda: Siait by 

CAnwr iJu^TiDB, Tin Spain. 

Cimje: EcrfIdo do Intoiuiclniiiilu!, KfnelotiAk £Vaittlagik 

ttmjiAi Bunniu ot laltinuitijmnl K^ni4Pi?> NMlIcmal Ceattml lAbintf, Kanldoi^ 
OnnuajAS ODHnn dii Oanjea liffotiyicloiLDlBA j EO^ioito, BiblliOtefa NncloiiaL 

CovTA Hjca: CfbHnn dn Do[)d6BLi j CaojA Intcnuidoiuil de FuJldlfradDnirw, Ho it 

Jlc^ 

CtrjiA: Hriit tnjr nmlL 

CiJLoiDfiLuvijcjA ^ Si^rTltt» Tcli6c»alutuiKoo tlDB l^^ungie* Jutvrunllomiitix, Blldln- 
th^tpu^ dtf J'AminlH^ NalldUflJe* ^riij(Do 
DAStzfiif Aiiii fUr drn liit^itsixlli^nalop BdiTtflonaimiJinHcli Friikii SlniJt 
Dsnilg, BtiidfliilhUrdlt^ Diiul#. 

IicnifAix: Sirrflw DawflU dta IntomalliKiniiB, Dnttnlc# 

VldonidcaWmea S^l^ksh, OopenhnAon 
JJtnrcn auiAMa: Burlcianm«clio KolisninTC' Bibllothock. Pannnarliw. 
ya^AXKm: Mlnljii^rkk ^f* Rdnrbiu^ Tlitli-rliirti, QuUo. 

EtiTFr; G<iv«TTinTeiH Vtxm, PaMIrattorw OlHw, Oalrij. 

miiEfrABJiiiiiitkaicu f Slate Ul^mryL TalHiriL 
Fiauwii; D^l^clou of tlio,Sdmjilfk 9odrftia ot I^Diand Enfl^icntiLn 
yt didtiy fffnL 

TTeawct: fturytfo Fmiicnb 4m fictiAiL^^tw fiileirnEittonfloWi lici Um tTn 

PartiL * 
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OnMASfYi Anji'rlkn-liuiitiit. a, Hccltn. N. W. T. 

Gjikit BklTAlJf ABTH IJOSLAXn 1 W]jci|jl<»l3 Jk 2-4 Rnnmfii^ w 04:fvnl 

Su LomtuD. W. <1 Sl 
< iADoc; fillIll£pU|^fIlli]■ Nailcmok?. Aibvua 
Gwztlaau, tU l>ctiiAsrk. 

Giuteiwa: lAitUuto Nuelnniil <\if Giumaiiala. 

Sycuttulre dn Extcirkaun^ r<^rt-4u-PrlDci3. 

UOKBuaA&t BDiUot^ TV«ilClS3H|iA. 

IfiniQAjET- Han^rlJtii Librjariif» ilunrd, Feruiu^k'kterc BndajKsiip tV, 
ris DunEtuitk. 

BuEioiliitcTiilimi ill G<tvi>nu3t^4il ntid StNitotcr^i Ikiiuim^. 

Italy ± IL Ulikko vJi^ll S^ltnllL Ifitcmmzjoaidl^ kllnlri Ffn dull' kd lantdirfm 
I^ajaoMlc, Horn, 

Jauazca: fiHtltnie nf JdieuiIca^ Klui^iaii. 

Jaj*aa: tzuperbt IJlirnrY ut Vyttm Pirfc, Tok^. 

Java, Tla N(}tti4vl4uidA 

larm? Service ilUA ficbaiiiftit lutnrfifltlc^iuiin^ BlblIuiMi|QR d'Etj&t du L«dotiJA!^, 
ItliPU 

I^CTPAt Bnmtir af ExeltnngierL DcpaTnnmit irf BtalY, UuimrrLiL. 

LfTHtfAiciA: S<<itl Uf mBlL, 

Idcbesc^v kLut^nis, rin FisrUigaL 
LvxxMWiWk Yia BeLekciiii. 

llAMiAHCAfl, Tla 
Mahkixa, Tla kNirfuj^I 
klAzicOi Seal by ouiUh 
MO tzLJLUJljQVE. Tla PclrtlT^I. 

KicnimiJtK»; ttaicmiitlADiiJ Bureau ot tti* NL>4bunuijd4. Boyal 

Eibmry* Hue Ilogiui 

Kew Sotmi Waw e I'tililUr UbTUty oi ^rw ecmtli Walt*, Sydni^y. 

Nbw SSEAMiKur Aaavnulilj PbmFXf WdUneCD^ 

NiCiJzAai^i: Minleterlo tlv HcLudones ExtO£iatua> UoiiAtfUd- 
Nimiwat; tortce <le* ft^bnoi^es tatenmikuisuf, nibHoitt^aiw *k‘ 

rUiilTQrKlii^ Hoyakp Ooln. 

PUjUrrtzrR; lidnew UnlretiUj Lllinirjp JeniMilcgL 
FASfAUAt 5?ciii by aialL 

PalADeAT^ Ik)ccrl5u Ctfije InienmclDiml de PiibUcadoDea del MlnlslfYltP da 
ItalarlOTUHi Exterfozvfl, Afumeldii. 

PfcirtJE de Pmjiakpjfidd j t^ihlkAUcuaui UlDUluriu de Itelucfana^ 

terlDim Umii, 

fiHAad: Ben'loc FdatmLn dti^ l^bacum fatemuUtuiBUx, RPplInlbfiqiie XAtl^milt, 
Wanfliw. 

PoiiTtVAL: du Trocad IntcTHA^louaw; uniiloHiacB Nadanal. LIbIkki. 

E ot E^-hnsAi^ nf Intemulluiiat PubltcfiiUnui, CUlef Sctrre- 

tiiry> OdkTi Brlibana, 

Bt?Mx}rtA$ Buranp don l%dtitnj£('a liiU-mnUaimiiT. ItaidliEii^ 

CcnlnU BucfaamL 

Saltadcb: klltulatarlo de Rclnclnnefl Eh[kaFlam. Sap Satftidn?. 

WfAH: rkrurtmunt nf Timim Affnft^ BARKtnk. 

smnm AtrvnuiJAt £^lb AantraltAni OmTTffimr'Pt IfbtchJiPH^ nirrcAiL 
riant Pritiflrut aJtd SlBtlmiary Oflii'ap Ailelaldt^; * ^ ^ 

Bcrvlciit da CimiliUi Xntarnaidoajii I*uibllmdciua4; FnJM da Roedt^aa 
SO. Ijiijo dcmbiii Madtiil. * 




(jg A!fKtr.\]i IU3P0IIT swrTnsoriiA:^ iNsriTunoSi jwt 
Siriumiu vlM KetlicEliiiids, 

S$inxn:7(: Svvmka Akristirtikfcmi StoBcbiitpi. 

R wj y gW JiHii: SubM ik» Ecliaitffep liiticrDpUoiuiiti* BJblluUi^Eiue Cen- 

irato FVfd^ml^* Bciro- 
StBU,; AJWHTli^ tniTciaitr ot Beimt 
TAsMAifU l : Seerdthty ta the PrcniLer, Hobart, 

TklNlDAP: Uojat Ylclorla tiistitatir of Trloitlftd wid TobqffOp Port-of-BjUllii. 
Tirpdtt^ \\a VVitiTce. 

Tcnxir: Bohcrt Htanhu]. 

tjjlwr 0? Booth ArtfittL: Giirvi-niinc^iit FrJntlnf; nod atAtlooerj Cupo 

Cope of Oooa Uoiml 

UiTioN Bovjet HocuiiiiFF ItErrrBUqp* l#ibrin 7 of ihv Acodem^r of Sdosecs of 
the 17. 0^ B-. Excliati^^ Hctvh^ V. 

UomnATt Otleioa do Conjp Intomndomil de PiUdkrurltm^ Miuhitm:io dt floln- 
docH Extedott*, MontoTldoo. 

Vpweeuela: Bihliotqcs Knelotutip Caracea. 

^ICToiKA; Futiflo Uhrary of YlirtortOi Mellniiroe^ 

AHaruEiA; PotiUe tiUiniE:^ of Weaterh Aanttiillfii Fertiu 
Ttkmmlatia; S^tioii desi f^ohai3«es EiamnntluuaiiX MloJoltfe dea Afflaira 
Ctrooc^jwL BclyriLdiL 

BcitjiJvctfully sabmitted, 

G. W, SnoESfAKEii, ChUf OhrU, 

Dft C. G. Aiteor, 

Secrefttr^, SmiiTt^ian I'nstUt^'i>n, 



APPENDIX G 

llKrOK'r ON THE NATIONAL ZOOLOGICAL 1»AIIK 

Sis: I Imvo Llie honor to sithmit tho fotlowing; tvlWrt on tho opcru-^ 
tions ol l.ho National Zoological Park for Lho year onciod June 
ao, mi; 

The regular npprojination noulo by Coiigi\‘a3 for the uinintonimca 
of tiw Park w«a ^325,0(10, aU of whidt wm ox[wiult!d, 

lUIliOVEMCXI^ 

Hid fiscal year LEiiiT was probaMy tlic most oiitslatidlno in 
liistory of the Zoo. 'llie e(>iistrtit.lin» iindor thu Public Works Ad- 
nuiiisftniLion grant of $692,bSO ^^''as completed. These Lmpromtocnbs 
include a brick exhibition building for ainnll mammals and great 
apes; a stone exhibition btiUiting to Imuso larji^e mammals; a now 
wing to iho bird itouse; a two-atory liutldittg for tuachiiio and car* 
])ciiu<r sliojis; a stoiu! gaiiigo; tlie iiistjdiation of three STtO-horse* 
jKiwcjr tlowtmiraft Iwilers in tlie central heating plant; uu cxte-usloii 
(if iJto comhtit system to the entail mammal house and Inrgti inunitnal 
hoitso; and rearrangemeni of the electric supply distribution eys- 
tom, a portion of whicli was put undorground. 

The smaJi numjuial nud great ape bouse wius complotod and opened 
lo Lhe public in Slay 193T, It is approxiniately 195 by 115 feel and 
eoiitaiuB j)G cages and tanks varying ui siaec from IS by L2 by SC 
indies to 12 by 4t> by 10 feet, wliidt pmviih^ aecnmiiiodatioiis for a 
eotisiderable v^iHety of animals. The tmitding consists uf four sec¬ 
tions; A large central nMim with cages in the centar and around the 
sides, some with glue fronts ami others with ateoJ bars; n wing for 
(lie great apes with a glass partitbo between iho animals and the 
public; a third rooiit for Uie giUhons, which atv likewise partitioaod 
ftnm the poblic by glass; and a fourth room, anulciroular iu forio, 
which is tartiied the tioci-umiil room ami is dGsigned t<i house uu array 
of smnli crentuiTs that arc rarely sliown in collections. Tlie build¬ 
ing is fairly easy to keep clean, and the system of forced iTunlilatio)! 
eUminates practically till tho odor. 

Tlio contract work on Lite largo uiouimal IiuUhe ivas completed in 
Jum jysr, but considoirahle still remains toti* dune before if is ready 
for occiifMincy. Tliis work is lieing carriod on by tl^e Zoo’!* regular 
IierBoiiiu!{ which it is h<)[ied wilt lie augmcnteil by asslstanec from 

* ’ as 
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W, P, A, ll 18 ftTiiicipfttcd thnt tlie btiildiiii? i*ilt I* occupied tiy 

aiiidinle Jalo in Ihu atumucr of ItST. 

The struetura is about 227 by 00 fiiut Jiiid is to uc^mmodatc 

efopbotics, rhinos, htpj*ii«, pigmy hippos, Uipirs, untl t^iniJfes, for 
which it has 18 iiisitJo oges ranging in ftifts from 12 by Ifl fool to 
32 by 88 fisot, Soremi of tho insitlo cage* have pools, and oath 
connects with an onitwdie yard in which tho animals are 
tainod by dry oitMis in lien of ftsnccs. The ilcsign of U«i building is 
simple, wall proportioned, and licAUtiful The* public space is SO by 
K® feet., aTid llic sound-deadening effect of tiie acoualcal tilo on the 
ceiling proilucea a highly sotisfaclory condition. The walls of the 
cagea for tliu hippo, African and Indian elephants, and giraffe tiare 
boon painted with apprejimate hiickgioimda by aitisb? of lJa> Treasury 
art t^iof project, 

'^Hie addition to the bird house, 4!! by 138 feet, was oomplctcd m 
NoTomher 1030. Tlik wittg contains 27 gluss-frontcd cages, one of 
winch baa insulated walls mid a glass top and ia provided with a re- 
fi'igeratiuii fystom which maltas it a woll-lighied cold storage room. 
This was stockeii with jiwiguins, which are tliriving in the nniform 
temperaturo of 68* F. Tlie backfl of a numlicr of Uio cage*, indudbig 
that of the penguin room, have been deooralod wil.h scenes peprttaailing 
various geographical regions, wliidi greatly enhances tlie attrae- 
dveness of the exhibits. '11 le art work was done liy the Troasurj’ 
art relief project. 

Tlie itLslallatton of !»w builvro in Ihr central liaaiing plant was 
completed late ht liie .summer of 1080, and the ptaut was uakl during 
the winter of 103(1-7. 

Tiio mifcliunical ahop building in of stone, Si l»y 100 f«:t, 2 stories; 
the lower story accomnindatcs n stockroom ami iron and mncliitie 
work, and the upi>or story is rtiainty for carfientry work. The im* 
pro rod facilities provided by tliis have iuynnitted much greater effi- 
cienev of operations in the mauilcnaucu of the Park than had been 
possible hcrettdore. 

The stone garage, 80 l»y 04 feet, wan built laiar the lioiler room 
and complotctl late iu tlis suiruner of 1030. 

From July 1, 1030, until Jatninry 27,1037, a small and dinunbhltig 
group of W, P* A, hi borers was avu^ble for iinseeitaiic«iu8 work 
about tJie Park. With this labor a variety of work was accomplislicfJ, 
inclu«iing repairing and resiirfucitig Boms roads ajid walks. A trench 
COO feet long w-as dug for the laying of electric couduU from the 
birtl Iioure to tia) large tiuimnml linnsii, Tronclirs also w'cre dug 
for die Jpring of alami. *"30 feet of sanitary aeweru nml drauus. Moro 
than 4110 cuhic yards of ssnil was hauled from the crook Iwd, cleaned 
and eciocned fur use in concrete work. Miscellaneous grading wns 
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(loiU! aiwut tiiv l*ark, Gcticral iiij;im7urtuii1 work ulMiut (lie ^ruunds, 
iiicluctmg seeding, dodiUng, nijil pliuiting of ttiid eliridix, wiui 
carried on as ^'eU an tJta contiininnce of umdientiun of tniooii ivy 
in t)jc sBClionsof the Park most used by tho public. 

Korinat moitilenmicfl operations of the Park required all tlio mate¬ 
rials and jK'rsonnel tliat could be supplied under t!io regnlar appro- 
priation, so almost no improvements ware made under the regular 
hinds. Indeed, a great deal of duislung up work remains to bo 
done around (lie newly constructed biiiliUngB or iti them but is 
progresfling very slowly bocansa of lack of manpower and tnatciiala. 

A bookbinder asaignod to tlie Smithsonian Listitution by the 
W. P, A. baa tmuiid, mbonufi, or repairod a considerable number of 
publications in tbo SSoo branclt of the Smitlisouian biattCntion 
library, resulting in a great unprovemont in tlio conditian and use- 
fuliiess of the library. 

Tbe work of clarifying and amingi]^ in their pro]K!r places in 
tlie library various pitblicaiioiis of use in the lum pi'ogrcsseil 
very satisfitetorily thrmigb tlur amingemetit whereby a mcniber of 
tlic Smithsonion Institntion's regnlar library force comae to thn 
SSoo once a week and carries out this tyije of work. 

axPEorntw 

The Natieinnl Grogropfik Sociaty-t^mltlisoidan Itiautntion East 
Indies E.vpcdition, which is Gnanced by tlin National Geographic 
Society to obtain animals for tlJs Zoo, left Wastiington in two eec- 
tiona. Dr. William M. blaun, Director of the Park, Mrs. Mann, and 
Dr. Maynard Owen Willinms, chief of lbs foreign editiOriHl Htafl 
of the National Geographic, left Washington January i2 and sailixl 
from VancouTer, D. C., ,laiiuary 19 on the £in.j»w« Asia for sonth- 
ern Asiatic points. On February iJ, Koy Jonnier, assistant head 
keeper, and hfaleolm Davie, koopor, in tbe National Zoological Park, 
left Washinglou wrUi 28 nuinmla (2 bhick bears, 2 pumas, 2 jaguars, 
4 raocoouB, 8 o[>oasume:, 10 alligators, and & heUlKuders), sailed from 
New York February U on the steanior TdlUss and arrived at Bel- 
tiwnU'DeU, Sumatra, Marth 22,1W3(, when* Dr. Mann had previously 
landed and had estnhlklied headiiuartore fnr tlin expedition. I'be 
American animals w'Dre intended for xoos in the Fnr East. At tlm 
dose of this fiscal year the ex|)odition is atill in the field, and it. will 
tiot return to Washington tmdl late in Soptomber or Getobsr I&37. 
Information as to tlw animal oolloetiou being ussomhlcKl indjcaivs a 
uatiafactory trip. 

smms or tub 

Ttin remniuing Iw'o most imp^^rtant structural needs of Lho Zoo 
are a now antolopo building and a now- Axstmiranl building. 
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TItf* old frnmo sinictni'e now calitd Uie Anr.nloiK) briitSD ticconi' 
modatt'S animals o{ a luj'Itur total vaiuo than on^ other aingk istruc- 
tiire now oiHiitptotl ill tlie Park^ It ia an uni Leal thful iy[X: of atnio 
ture, a ilatigemita tiro luisard, la ilifBfiult to heat nml expcJiBiTn to 
mainlaim A now bnUdmg adaptofl for the magnihcont and ro- 
markable group of rather delicate even-toed honfed. creatures is much 
IlGCdoil. 

The old frame shelter now housbig Uie reataumnt luiil cunoesaon 
stand is badly <]eterjoi'ated and entirely inadeLpmto to BCoommrKlute 
the targe volume of businoss lhal Inui de>'clo£>e^] with the mcivusiiig 
atteiKlimce at the Zoo. The ccjnstmetion of a suitable tiuilding 
would bo a seli-lu^uidating undertaking^ os the annual fC^’enuB de¬ 
rived from the restaurant conc^ion has bean $a,0l2 per imn n in for 
the j>aat :i years, and for the forthcoming 3 years will bo $ft,012 
|)or ojinum. 

There is alim need for some additional walks and roads that we 
liniH) may becomitruded with the aid of the W. P. A. 


visn’oics voH Tiii^ ruiit 


July_ _ ... 

10 

AngTEHl .. . 

32&p40Q 

SpditeiulHT_ - . _ 


Oct(i3iur 

_ 

Novptiil>er ___ . 


I>ecQuii>er „ 


Junwtry 



rebnio - _ fjft 000 

mtiPCb--- J7BL500 

April- tw 

jttBP---—2(sa,ijf»ti 

Ttual_.. 2..13S,C20 


llio atteinluiicv of urgunuaitions, nminly cloases of students, of 
which there is definite record was 31,120 from 633 difforont scliools 
in 20 States and Uie District of Columbiii, as folio we: 



Aboiit^3 o\:loclc ever^fturnoun, escepi Sundays and hulidaya, n 
census is made of die Are parked on the Zofj grounda. During the 
year 32,668 wo™ so listed, representing every State in the Union, 
Canada, hlexico, Cuiud Zone, Alaska, and Cuba. Sine* the total 
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hujillHiir k a ut tlio^ actually parked a I ditu UnvCi 

it iji not uf vAlm liidicniliLg ti t/knl Httondaiii^ij htit in 'ft loiipui*- 
tiiiice lis sJjowtJig Llio pei'ceiiLugo lUUiiitlaoco by Btnti^ I'flmtorio&i 
nnd cnuotric^ Tlio Di^^rict of Columbia comprisiid alighUy otot 
4S iwrccnt; JfiliirylamI, 21 jHirccjit; Yirjrniiiii 14 iwrceiit; and 
rcrnairiHig care wens from otUcr Stiiwii, Territories, ainl comuri^^ 
During years in wldcli counts Lave been miido on Simday as Trcill 
MS during llie vfi^ik L Las liceii found that Lh,f> [Ycrcciiiago of cars 
from the District of Ckilumbin, Maryknd, and Virginia is and 
rLe [Mjrueniagc of th^ more di?5tant Smtcfi h correspondingly iii- 
erea^i This is bmaglit about by tourists coming to the 2wi on 
Sundays wJniii other points of interest are closed to thenn 
TIio nineteentli aimnul rjiceting uf die jluicricau Society of Mam- 
iniilogiBts was Letil Lo VT^isLington Slay 4 lo uiclosiTe. Tlieir 
program tncludrd a trip to tlie ZrH> ou -May 8, TvLero liincliison was 
PcrvLMl in die largr* mBUimal house. Tlir funail lunmmal Imiise wan 
first ofieueil to tlm public ns this orgiiiiiKudon entered it^ 

AccasasioNS 

Many specunens were recei^'cej as gifts this year. Inter¬ 
esting ftdtlllions ware a pair eaeU of elieor phcfkftauits and white- 
crusted kaletfge from Dr, J, ItelncourT Clere^ip France^ n juilr of bluo- 
croxvncfl hanging pnnoqucfs and n tni parf^piet fixiai iVlaii N- SteynCi 
Wa^hingtoiif Dp C, and a male KuiUab squint)! from tlie United 
States Forest Service, 

We lake this op|Kjrtunity to espnsa appreeiadon for the assist- 
arvee arul cooperatiou of tlie pcraonnel of the Unite<l States Biological 
Sui^-ey^ N^ational Park Service, nnJ Forest Servicu, mu! Vonioii 
Bjtileyf of Wsialiin^on, C., Tbeotioro RclicfTcr, of Puyallup, WaRli.j 
Wsli^er, of Tillanuwik, Or^g., and John M. Dravis, of Arlington, 
Va., for gJfta of Amoriiy^n small mammnk for slocking dm small 
mniunial Loubo when it wna opened. More than 150 sniall mam- 
mala were recoivefl ifinDuiili tlioin from localities iTUiging from 
Gncirgia to Washington and Orcginn, 

Will'll tlir OTiall mammal and great ape lioui^ was completcth die 
Director of tlm Park was nn an e^tendf^l trip to (he smtthem Aaiatie 
rrgion to afsemble n collndion fnr the Zon, so it wna mi. advisable^ 
even if it Lad been financially posaihio, to stock tlvis bnildini; with 
exotic auimab. Arrancvmenla were accordingly umde for plac¬ 
ing ou richihldou a collection of Amoricmi small mammals^ Tt won 
finiLably die Fargcjrl' nod l^st rotlsction of jta kind aver n^somblrd, 
and Ljip aftractod mucli faTOinblo a (lent ion. Tt In particularly 
Tnlrinblo in showing tlio conaTdrrahle diverrity of foyiis common to 
Noil.?] America and which are frcspicnltT ovorlwkof! or fsrnored. 
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Also, it IS of VftJuo bocaiise it lias given visitors (Ui opportniiitry lo 
Btiidy raiiinr dowly Aniuittls that aro of great i^cuDomic iin|»ttaitca 
Ollier !)ocaiise of iheir beniiflciaJ of flij^tructivo habits or tbfiir ’vahia 

for ftir. 

WTicma Artp thjhi am* 

Mrn, Annu R Aftdfttw™, Wnulili^lirllH P C.. nUlj^Ator. 

A Un AfUnm. WiiiULn£lun< J>, 

L, I5_ BaBbUt. p^Fr jhfltn , ibrciiK!i Dr* Derfa AL Coclituti, wi?p(STlw«<l 

Mulke* boc-JiO«!^ aiiakt* spoU^ LarU<*, mask turtk. 

StlM K. B. Boilffy* HjfflrtsrlBc. MA 3 FoUft diaites- 

VeiTiDa lloUfij, Waililngiiiia. D. O, tlrliik *Juln:iU«^ lOiuri-tiilEcfl iluvw. 

Mrn, JftUh II. DurJinm, N. rliofloif muoktl'. 

MaraiiiLU VanlciW XVaalilngtott^ D. 0^ icreccfl ciwL 

Df. Tlioa Borl^ur^ Carabrtfljgft, JiBBa. tklvkeu soake, fom ^nok?, ^ (pirter 
Biiakait> ^ hlaclE smik^a £ kius inak^ 1$ waiiT iiiiikefc 
Mtil Vln^l Btttkfri Fon Fin., Inroad-Zmn^k. 

Whl Ik'Arrra, ML JUlakJT, MA blnck ^Idow B|i!d«F anJ ftflp. 

C* R, IkvlmnutJla, Cftrlij<hnd, Nk pralria mtUnniJik^ 

V. R Bolionj WaMbingtDa, D. C, c»jv?Mni$Ui 

W. Bohct, ytvflcrtck^iwr?:, Va„ 2 tMira airlfe 
JtiUua BookiT, C. C, C,* Wti-li'idr, Vil^ i'^LI^rLwaiiL anakv. 

MtiB MaiT L. Cbcrvy CLuiBe* Mits. wIiBr ruklilL 

llAN.k- BmbFCliH Wni^kiuFtcQ^ D- C-, iitlfttiiior. 

B, D. Bruaiia, WnaklogtDa, D. Oh 

hltK Itlchunl }irJ<!kii’afi WaaliktgtaiL D, iX. emiiac<-fTfniii:d rurruL 

Dr. Alk« Cm Btimti, WaAltlhctou. D. d, 18 hhvk Kklmmara, 

IdlMd QuttUfic liruvfiii, C-t alMgativr. 

BfWP. WdRblnirtDn, D. ^hlt^lirontod otpudi^p, 

1L R Bro^rn, FIPm 4 oom EiuikDa^ 2 pbip unaki^p ^ vQml tcuukea water 

hhwamIh. 

Bra T. 3L Brawop WiudiJujrlija, D. OL, Ik-ieiLiii rnbkJL 
li- J. Blfiuri-rtiiwn. Vn., raceaari. 

Dr. A, WnahEi^rmi. JX C., S pqroftuoie. 

Uli>a Aima BatliTTi D. 1%.^ jrUirir-iutpfrd parrot 

AUJatant Cartiakaii, WHuhlri^uo. p, Cl« rawHia, 

Dr. DorUi M. CwJuaa, Waaklustoti, D. bUiekaaiikDi 

Fn^lorlck. OkiHiudci, D. iiUlpHtur. 

O- F. Cw* OliOTr ChJiBe, Md.. niwKia. 

Mra J. L. Coltfm- Wawtilniflofi, D. dork. 

Sira 1A. C- ColtoP, Wasklantoch D. Cl, 2 ipuiw pariP^oiTUiL 
Mfft J. IL OoXf ^'aaMpEton^ D. CL, 0 loiilia. 

lidj^PkPUl Cniwfctrd. Wiirwa, Q!iL>, 2 ifd^LliOcr 2 ^mdtwiiUa 

JkordSp Kuplier tortuLso, 2 bum ifiiakes, kin^ aiuiNe. 

C. Ei. Creer, Ouilarrltlri*, Va^ ^grmt wbBo bnrnn. 

Fra Ilk C0 *mU 1L KEuK^tan, Jaaifllcii, iljimnlch bm. 

F- B- Darlliu^ WiliJiIiJitton+ D- C* nsd fat 
Mlw PrlHTlIlfl Dmdt^ WaBhlLj^rm, D <Xt lh>Uwhite. 

B. Dvlt^dp D. lAitinrnUi. 

Dr. J. Delat.vuf, Cldtini, 2 diwrr 2 wliHoeriiaIrtI kalwifia. 

J. r* BrlpauT, FrwteHrlt, Md., Jaran umrnqqtv rhrjmv taapJeejr* 

Irvlnp; I>tiiii<idH»r^ WakhluEtDii, D lilcit-hllM prabn. 

d F. Dfinluy, OlcamonL MC 2 r!ii^-iii.TKnl 2 isklti? rtiifl-iirark^ 

phcsHitits, 
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Miirld ]>iPta(D, WdiiUlJielsm, O. O, 3 i^rltr piiakiv 

Ura, Cittl3*irlne U Dorlitc, Ii. 0^ AlU^tdr. 

F. H- Df«jri»r, liiiuf«-Ji Md., CcKip^r'i Un^- 

Yoraon t>r^H Ali>xaitdEiii, Vk.^ WirmJ uwL 

BU^ Earmati, 0. O, KlUgatof. 

ftir*. Uh W. Wofllilni^tdii. 0. CX, ilmi!>lg^ yeU^inW-liHLeUiL jarroU 

i!r^ J* U. El?iiu WflBliliijftoti, tX 3 diicka. 

Dr. WtiL Ou Eroorj^ WadiEoi^ii, r>. S ^tamand^tiL 
llWL Axadld FlnirJf^ WMliiiiglon, D, S pAivpietB. 

Fldridft Ut?iirilE IziBtituItt, &Ur^ KttrliiE% Fin-. 1£ mtidiisiiiiarred liqu-ba. 

Dr* tL IL Ford* WnidilnRiaii, 0^ *dWctU owL 

Wra. 0, U. Famvi'iilil* WniMi^taiih D. ricrocch oWL 

Mnj. Asnoi L. Fore* U douUla joUffir-IiMiifd porrot. 

&1. IX F^erp OrtJuidov Fla.* com iFtiak^i imrttd dr horti 
Mtl FrfSllJi Pritrl^i WiitliJiiiUHK 0. C« fellow imiiod pnmot 

O, R Frwtuimup Wn^lutf0^ tX* 4 HCiwxeh. 

U- Xi. Cf^orgGp Kluj; Liitjp i!kiuf*» y^iTJow-biUod mmn;iiu, 

Frank GUlKdfdX Wiidhiitgtnn, D. C., 24 tioroed UsurdA. 

Sol Onatt. WoDtiltistiin, €.» wator todmialcL 

Wh ft. OGroiiiiii. W9-Ei)i£iifft44£t D. <li l^rkln dtiGlc. 

LoaiA Qnumduii. BlrordciJo. MiL, blucikHiiiiJor-^ 

DiniuM Grlflln, Otunbridft* Mmfi* Tin>onuitlDg Ihub. 

Ft Grovifp Wn-Edilni^oii, D. C.. niiw(in> 

JowTih i^twsih Wflidort, tnitd 

^n. Euiiufi T. Ilalim, Wunlildistfm, 0« C-r 3 fk$iiAlJ»d 

Mlitrt llnlJliln X Gah ti. WllMj^l:tl|^ULli D C.* uUISiAtor^ 

Ul3£f JlQhfk liafilGD* Wn^iipDii^ D. <X. nlUgaCor, 

Diifili kl BniutLX Sclltf, Axlfir, dewfrt mttiefliiijkv. 

J. WMMlUaprttin. 0 CL, miu diiidL 

Tlinikknui Idarinif lloind, WaiddnKtiiiip D, C. & t^yinijr mul wonkra , G 

Flurldii dioitiaEiil-bacik mtilessuikica, water bluekjituikiii cotd 

iFiinkL% 2 HurlilEi ktni; foulkd or ruiuilxtw Bfinka. 

W« F. Hlib t^b^rebiirfr. Tn^ Ixixidnl niHLeRiinke- 

P. J. Hatb^hQn* Wngblmcto^ D. tX Ctihaa [uintil. 

Itm H*. Uoniu. WonlilQ^ojL, Di AfTk^ii Krnr yflrrGt 
L. C Qofik^^k Wftjddnjtmd* IX Cl, icrmscli dwL 

tL N. DoHEarr, ArJliiRton. VH.i nlliifater* 

Urity ilauftiboldtiT, l^ipouiir, Arit* (orfobM!^ 

Itob Iloimcdiolder, PJiocniXH Arif., Olid luonHte-j. 

Tom PJwmdf, Arbu tamtittiJn. 

Dr. CLnuile UodJatip W^npliiueiatt* D, CU IS red mratii flali. 

O. I*. ITit)£K WmhLiintoii^ D. Ck, OjH>^llUL 

Jcibti H. Jnek^OH OnJE Grove, Va., B^rvat horiirid owL 

\V, U. Jonofi. TiiDcnIoawLi AlA, !i wnlpr moraikLon, Ji oiikfccu «itiikfi5, elipppr- 
lumd itnakv. 

S. Juwpli, Now Ycirk Olty, 10 luuidt^ flndiuA 
1^ S- Jcdlrr, Clmvj CliaAfi^ Mil, Jura kparrowB. 
lilrfL Marthu lanklxii Wjuddneion, 0« 0-i sereveh uvrX 
WUbvrt Kh^oTh lAiireX kfd^ hnid otitle* 

WnttiftT £iri^ Aloxmddrla, Vfc., fwl-wruteil hiilliaL _ 

Mm. A a KtfCTiBr. Wnfliltijiftoii, 0, 0,, fioimij iqiilr^ 

Jacob EentioAjri WimliluRloiip D. thttitituliii* 

CL T. R^niex, Waisbliaitant D* CU rlblxMi inakeiL ^ 

J. II, Kliiirvt SUtur Spriiur, Md,. bAm ftwj. 




76 annual liEJ^KT HMlTfiSUNlAN INiTlTL'nONp mt 
H. litmali^nH Wstatitti^lda, D. C., 2 

ljustur iTliir, 3t gurtfrr cUlckoii mmk&* 3 ^qiiUiSirD 

|itlot Fli>dtLii hla^ 3 mu^ or humetl Snnke£. 

If, lAliftit nod WnL Wn?slilii#toii, D* 0,* trap dwr ijddtiT oiid neat 

L, Ijlgtif, ^natiliLji^aD, tX C* flpOTfwMtvfe. 

Cant Q. B. Wu^bliii^ton, D. C,* hazml c-wL 

ilt itTid Mm, h\ €L LUiiCi^lu, Waiil*lqg?tom L\ C., utlmatLudjsr, 

A. Lorerlduit^ Gimibrldirt^. "SUiss^ 2 ch(i?lceii lituck HnuiNe. hinis flnsikei 

mm 

ttowtRni] LyiJtip Chrry ChR^Pn Md.^ fi|toi??iri:HL 

\\\ llnekny^ SVaulitn^tciiu D. Cry iiIHgnlor. 

El U. Maildos^ HyattsTilTe, MdL, 2 nuK-eoiiiL 
Jletljort Mauriidefn Wnslilngtoii, Tt a. Whi-Ic 
tfiirry A. MnLuDP, EouTiukis Vn^p liii]t(; 4 > piujIip, 

Elnrulil K. MnitEn, WEiHliiliniuu. D. OLt biirw^liw emb. 

UmyEpml UPlvernltj UirnuKb I>f^ liurL^i^, H bAlrlifiit ?n(a 

H. W* D. Mnyem Ciillliaflvlll#^ 2 RtiDcdiifl. 

tl, lid lEEinca., 3 plno anake^ fiidlgc^ anoke.. 

UIj^ lliit^uinep WoBblDj^cni^ ft Vi'^'kiu UdCk. 

Mn*. 4; 0, WflubSagtonR Ih I’Pkin diielt 

H A ^Ibiciiiiy. Avpj'y IiiUiitclr Lu., lU duidiRr liiRck CRmllpu aiuL 

tlifkcy VilECuftf Lybrld. 

Dr. KemiMlh Meyers, DoEretr^ Mtriin, H lLEnrd«f 

Mm Relicrt Montgcrniery* \S'haiiltiginnp C,, 2 hnmed ItEatdit 

K. &, C. UntTiintip WaH):ilPat<)^R t>. Cli nUt^ti^r^ 

VVcHl^y MeC. MoteLr, Ednur, MA, 2 yontwsim diij^^K'ikea 
Mlfti F, <1 MiinLwr, Wustijp^cm^ D. C.. mr&xh imL 

K. <1 Moyer, WpsEllnglnn, D. a, ^iftcsanlu. 

^rntilpy MuJaIIIh HIo Omade City. Uimnpti Ur. Dorit M. Coctimn, 2 

pwnly llzandfl. 

Mm 4. Hurthle. ’iViifilUngtoik D. tJ„ jflj. 

Anti O. MUTTuyi CuiuberutDee, Md., 2 f iiTiw 

Natlonnl Pork 43«rvloe, diruugfh A HL BcreH. PilWDi^. ArlB., 12 dranrE pcKiket 

mLet. 

Mm El PfttpR Wakhlnj^aiLi D. Cp, doirlile yeLIq^-lidpd thurrnt 
Umry Wosliliiirtoii* D, i(l, orausKr«AtPfl eoclmloa. 

R. Ii. Fanifd}, AleximilriEu Vis.^ 2 grenbJiorrted ot^ia. 

Mnt.ll Vvnth WRAliliistoPp D, <1, flying aqiiLrrel 

D, N. PratL, Wnahiaffton^ EX Ci tnniisfr apof^ucu. 

L. tX PTijliort, SfiL* ttiElt* Kwmn* 

Up H. ELcltiiILi'-, Riindlr Hlgbliiiitls, 1>, C,, Aiuca'JCTD blaek U^r. 

F. Ad llrtmip WpaUiDpisn, Dp €,+ pent bliM 

MEsa Helen WpaUiiipoii, D. C,, 2 Pekili ifurks^ 

EL LL RqlKton, AlcxpinlrLit, Va., 2 tortolaeiL 

CnrfpU W. Rolihs Wnahltjgien, D, il, *|ueen wmtep wain snnkp^ 

ti rlnf^-nceked foiukeii^ rrertn irj]iik& 

Ifrs^ CluiTlea aaliEiftBti, Silver Spring, Md.n 2 fly Eng ^tulirdA. 

AndTicrw SantotJintii Wnahlnpon, D. 2 Eaniiiiiilda, 

Jdw% R. SnrtoD, WnaliSnpe^^ D. Cip nlllKiitor. 
fieri aaiWHjem WfiJiMinjIrji^D. Oh. Cfiimdlan rnrcitplnnp 
fiilfvurd SeuiulerB, Ketiakiftne^ Md^, screedi qwU 

Thwdom H. SebfITer, Imyannii. Waab.. « yelm jkwkid mlj», 2 lunnirlAln bcewra, 
vnryitiff ham . 
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l>r, ^LoHxnnd Mf. D. C,. wimkv. 

TV^ SV. WtiAliiiiiEtinL, D, wiHiiSciiui'k. 

Unrrj WniiMnitiJiii, D* C*t umriae HirllCL 

3hllm Cnrolyo Blieliloj]. WiMuXttOCit. Vt-, 2 ^Bterq clUpmunkB. 

W. Sh JCdgewnler, Md^ ml-Blujcgltbri.'d 

Jotui yiioreyp Waahlngtftfi^ I>. fcrowiii irn-L 
O. W, Kbiuitcr, WnidilTip;tOii, D, O.. hnhy rsu^Km. 

Aitc® S 111 I 1 I 5 + WoiihiiiBlcTiii, C„ 2 llsarda. 

MJes sSnilBb. R C-k rflldUt, 

MIbs Dniaj Smitli> NiE’iffnrk, Ihil., fcmL 
OttP f3inltlj+ Huriit^rp K<^rry* W, Vn.* smy 

Wm. ^mvi\ uiH^ SJ. LiKirt, Wiiatiig^tult, D. CL, imp iIukt BplAk^r ami waL 
Misa IL Sprudllti^, Atlieuju Tutiii£.i or fLi]i liJiwk, 

MIbs KotborlDP SmiTdl'gL BdldEfinnPi Mcl.p cujiutiiln, lUfirrciJLT^tft 

F- Stay tern* OliCBtertatm. Md.n btrfwti rainiL-hln, 

Alan N* Sli^ynt\ WnalditRtuii^ D. <1, 2 ILtnujiWflJk Tnl 

[kUT1M|tlPt. 

II. l\ SiTPDp, WaaIiliip;toUi 1C C., trivut an'nJttx 
J, D, liproed lliard. 

l>r. SL Tnllaatt Mnnutcpi Fla., JnilJsiD nmlcc. 

ItilljiL WnLftlilni;ltriC IC C,h btrtpfe wtdpw Aiildcr. 

Hfp, S. d^Tnylpr, WooMiij^toii, li OL, yi*UoW’Hfipi;^ fKimiL 
M. E. Tljprt^ WaJiIildfitoji- Dp C„ dDoble^renow'bftidfMl pAtrci, 

Mrs. EUipl U. "Ilrunnjis*, Wiislilu^tuii, D Ohp Ppklii duct. 

Mary Tmliiiip, WEiKldn^loUp D. 0-. uiilitiiinndPir^ 
rnri "rtscUiT, Waaliiu(tl‘^^it V, -tL* *iiiiki]. 

npunca A. Tcickt% WaL^JiluKtoii. D- 0 + Ligi1l;|P unrikiL 

!L Sp IHp1P4£ie«i1 0iitTej\ tbrniieTi C. E. IW-be. SL itoai- udmft; tlimtti:h 

E. C. BpwaJt, Wmslilrtiffiigip D. 0., H wni Fntkkii»; tliniqgli H. N- EMJull, 1^1 

t'lmpp Tex.p It firuLrUt |M)C!ki-t g)P]ibcTM{ ilirengli J. niLli^y nml C. ^ 

UcfKirInqd, CAslmif'fc^ Wnsli., S ttamUoil ^ratlin] Miutrrrla, S HcdllFtPr pldp- 

muiats ; John D. Dattlli, AltniijuEiTitdc, S". ititEnn^ 2 jiTalrlt* wai ves I 

thrpd^^i Gill Gig^c^adt Havustn, nj„ 4 cpyptj^s tlirouKlg A. S, Hamm iiint N. K. 
iSnvH, Cnspor^ Wjo., tnii^^-taLlpit wtiowL |>|plH't-|SlJi flpiibcni; UinjugL U ^ 
Ellck^ ahd T«r IbiiiDfi^Tfnarp Cidumlnui, O.. 4 ri^d wiiilrrplB:; tlimiigli F. K, Jun^lA, 
Wu-HliltiRimg^ 1C Cl ft Jiirndrns^ mUa^ |4ml4iUJad ^rvhe; ihrotiBh E- V. Kajnatvk. 
TJiPiiiiisrllip, GiLv iii^cEfQBuDi. 2 fuUuD raini HirdiiKh Kf^ntifith KnimiUK Mldglla 
nirerp Mliiti,, tuatsdemt; lhi>JiiEb C. E Ijicjon, Ssm Tex* 4 Ititin! wpixS 

mtH, 4 wttPH rntfl^ ft I^p<arni]dc grPTinct wI^ll^^elH^ IdHplil pocloer mrmffi: thnnngli 
tL it atii) 4, AL nUL Jr., Brynii, "1^*.,. fl pOi^Mal gttfstiprs: fbrrai^ti IL 

I^ndpii 4iMl I* IL Whlti^ln'ftdH Knii Auiuiih*. Itnlitl woud tnK ciuUpjj mK 
Ltlapld mouM?,. 2 qrtiy pljiiuy iuIpi\ ft MciTlufti's KllUy p^KrtpL mt^ 2 xiliir^ 

linuilirgl aTmEidUlPH, ft tuLnid vrldcd-fixiicd Rmitm) jfqiilrr^li red hmm 

iriEMiiK'!; n^roiigli J. MniiwplhT, BnudiitCc, Mlunni ft Tnrytnfl hnrea nr atiairplmp 
ruMdfi; tkrmigh Win. TI, Munihulb Blii^bjtltip ft piarmuta; ikniugh i>. 

Murk*. Srattli^ Wjinb^ bald fllairrj-nLif'wiiiifiMl ^lU tbr^u^b a K- Kunli^ 

kacl[« Ctebp, Okla^ S pmirLe iln^ 2 cnBoki rauu 2 raiuHl-iiill wttud ratf« <'Kii 
flfld moTEHi^t tbroiiBb W. D. Parkci-, Fort Tultctii, N. J>ak.| d Eiir wiiilmJfl^ 
11 IBrlmnt^on gnnurd W. Tayinr and V. W. Fjebtimna. Iuajs7p 

IjikiO, Tke., 7 'Fexan red wulvtAl t]ir<mgh H. W^^Torlniup. LsvWitL Arle., 6 
odtiiti ibrutigk fdaiiler WBoldiiEtonp 1>, tmy bwx 

ir. S. FEirufit SorvIcA, WoHbljjjrtDii, D. CU KaHaib Mpjlmi}. 

W* C. Vftmpf, WttKldnglca. D. <X. bprewsbofl mh. ^ 


7S assum* HKPrinT satmisoKiAN msrmrriax* m7 

Cfiarh™ T- Vo^lilre^ Tue#naj* ArlSL, 2 Mcrrlaiii kaj]£iiSf9o ttilJiL 
AIM Wnlkier, tlUHinQulE, WosMiigton Tiujlnf lu^r^, OrngDau cr^>p^itie t3iuii40. 
Wt TV, H WvlHriir, WDAtiluntrjiu, X>, C^^ 3 AfrSmii uiuplUMm. 

Fin C. H'l-rtkJp WAFhiti^cin» 6. d* gtiiw piriHim^ 

W, DihtLd WUItc, WnAlilxiiEtfsia, D. Cm2 hawlEA 

ALf& Jp n. Wlillmiirt*, WfliiLliigtiDi^ D. pattoL 

U WHkJndp TakmnA Furk, ftftl., bniitlt:^ mtiksmiki^. 

^rs. It, F* WUJliitDR, CtkCfYj OlmB&p Caiuu;U<]Li:i porcmiijiiv 
(J. WllllcLLiuf, TIhithiciiiu Hi!., 12 ratLUsfitiiikcap C waUrr 

Kiinla^ 2. buf^iuMdi 1i pibl Piuiki», 2 fvim JJBifib. 

MrnL rc. Wininintt^ Wuilbluetcm, nIILicntiir. 

It W, WLIIJjidoh. WaHldJi^tion. V. d, 2 imuikrjB- 

E W, WllKm, Witiattn^tati> IX C.i itifquudbn^ 

L«« Qiiy W||aj;m Trw Toik Vn., Iwnvd owl. 

JotJi W^Jiiilu, D. OL, tlEiok, 

I^hElfp N. Toatit, ^^flw Xotic Clift l£liilEa>JUL 
YiiRwila^ l4^ttoiii WAAlilriyston, U. CX, nUlKaxoT. 

—Tlicro weno 6fJ in^iimab bntii, 3T birds (latclied, mid 14 
reptiles hatchod or l>oni in the Pnrk clnrin^ the year. Thi?^ indude 
the following: 

MAUMAIA 


QtbiP 

Aiii»ic^rr<r£rp« Ifrrfii:_ 

Ari4 ffaft _____ 

J}(jOll __ __ 

Bt*A (ronf^liM __ 

B&» ___ 

CumrliM ilroine(Iar(4u _ 

daalp Ipput __ 

f^aprpmttA f __ _ 

CcTTut iiraphMA _ 

ifnjnft __ 

t>oUph^fU waUnieotn^.^ __ 

furstrtctiU^lL __ 

ilortdfum , , 
Fell* oinii»___ __ 

U^kHU i»|gra„ ,, __ 

Dr^r mnert^trn* _ 

Sika nfpp0ft^_^, ___ 

C^ntHP ^(w.^ - 


L'oaaiucftii uiLiiii 

_ Aoudnd___ 

_ - Axis itei^__ _ _ ■ - 

r,—^ — Axm-rk-an liLwsu _ __. 

-- - Q*jal_._ . . _ 

. .. SSHiU- - ■ , ■ , 

_— AJitliJaa wi mN 

--— TimUet wo!! ____ 

- Hinifl. _- -- __ _ 

-- - n«l _ — ■ 

__ Fnllmr diwr* _ . . . 

-- iNi^arf wrj - - 

— AJcmijtiliitii wild hi^ricL'' -. 
- - pDrc!ii{Utiir^ __ 

^ Idtitnn __ _ _ _ __ 

— - Coiimiou «lbUtik _—, 

— Ibmtt hvlm crj7 _ _ 

- __ JnjjniMw _ 

—. . . , AiMke IVinliiflttiji iKMtr. 


3 

_3 

^ 2 
■*4 


1 

1 

2 

3 
2 

4 

I 

1 

3 



3 

1 

1 

U 

1 


jIbjU itHilii^afa 

^ Afrlffliii riiilcrir-ltiliiid drtf4. 

t 

ArdM herpiXimtXA ocMlml&iU _ 

lil!rOtl t^hrlll 

■-s----- 1 

3 



9 

Chrpt^ig&phitt picfut _ _ _ 

, GuMl"]) pliHiiiftni_ 

a 

JUtiw _ __ 

^ Slllv*?r rull 

14 

rfliv> n-UtaiMt ^ 

Vwmtmi 

a 

i^lrtptoprlii^ riih^^ __ _ 

rtl!ng^-iiiv*')i;4i4;) llwfh 

i| 
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vpmv 

MiiffM ------ UroeM Iren »»«*m ___ _ _ Q 

ffiKTnirt cuiwtiiifffcniia^ — - , C(iTiulii8<uun ulUnlt __ S 

iiljininM nttftiMdfH* - Uapenronffa - - Q 

KaecAanffcs *—sR cadmilgo wltli Uio P]iiliulu1{(liiA 2ool<jgicAl 
Ganleus tLere ii'vhi nMoiv^ tliv folTitwittgj Hybritl tree luuigAnx), 
Atiiericiu) eJk or wapiti, 2 Eiiroptflii walor aiiakeii, 4 Biiropoan viper^ 
6 gtcQti ti«o irogK, 10 esuUI Eiuiiiioat) Itasarda, From 
Riilio, Iiic., Kww I^ork City, n cock of tlio rock and a 

kocL A i»iir of gnntiotB wtis rcooivod from the Toronto Park Zoo, 
Toronto, Canada. Frutu Dr. Julian BcoLz, Diroelor, S<m'ica do 
rElevago dt» Amniaux a’ I'onmire, Provitiw of Quebec, waa re¬ 
ceived a epleudid spodmeu of reiich-brod mink obtained bjr Itim front 
thn mink farm of Dr. J. £. Ha Forest, near tlin city of Quebec. 

Ptir(rha9e.f ,—^Important ptirohases dniing tho year were tlirro 
pronghorn antelopes, fl jackass jicngnins, a pair of jabini storks, and 
d bluck-taitnl muruioaetE. In Dcocniber 30 I nimm in jd ilnts were 
purobiised in TXubunH, Cuba, and Irain^rled by airpiene to Uie 
Fork. Only 2 dictl on ruoie, the reuiaintler arriving in gutid 
crtlidition. 

REatOVALfi 

Death *.—^Importsut losaea by dcallt during tbe yitar include two 
eltimpnitxcios, otic of whirli, ‘^Sokn”, bad been in (.lie collvcKton since 
SeptcrnlxT S, lOJll. A Komodo ilragmi received Juno 31, 1934, died 
July 11,1927. A Durmese deer nnd saiga antelope died during tills 
periwl. 

During the year <t0r) spectmnns ibal iliiod W'ero sent to tlie ffatiannl 

ANIMaI^ tS tOULEOTiON TtUT W At? NilT FtJia JOITHLIT JlKE3f EXlUArrED 

liAVlUAIJl 

&tmmm iiaMf 

— lUHniiiwi. 

^ AXrlcntt mL 

dtiwt 

CjLimis traiUdilL --- tliQDr ^liuiuniul. 

GcttOACiu albocflarMtift^ .. . , Whlbo-cr^wtcHl 1cfi]c!e|£L\ 

mrtixM 


mme 

c^tttijrLi HrBx^tulii __ 

g hmhiiinnH ._ 




JAEtidlea \ttia. 












ANNUAL tiKfoni’ surmsoNiAN iNsrn’UTWN, icar 


€|ASi 

Vn- 

flml*4 


HMdroo 
Id iu- 

cbiitt* 

HfT- 

flunJ 

Oa4^ 

tPOtlV 

Tmi 

ICnnnAlt .- 
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19 
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lUr^ . ' _ 
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ISA 
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^nmrnanr 

Anlumls on hniuk Juiy - -- --- - 2,101 

Acm»\om during the ypnr.- ^ -.- - - h Mf 


Tntftt anlmfllji iu oallcctlon during ywtg .. , ^—- a,2SS 

ttoingvnl irina colJpctIwft by fleiith* «xe1iiiriEP(^p nod retlirrt of nniiDiilB on 

dapMlt.,^____—-----—- WA 


Id eollwrtlcm JiJn<^ JW, lOUT.^. . ■ ----—-—— - 


StniuM of eiiW(?o<tion 


riiMH 

iRD«rie« 

iinUi 

Vlnm 

Bpceka 

tQd4«M^ 

■mtm 

Wbmhm^I _ 

3M 

ft44 

fllMtU. __ ^ — ' 
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Hifdf’ j -- 
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«n 



i 

IVlf^llv .P. 

ITT 
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ISA 
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Anrffi™ - - -. ■■■ -.-^ 
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IN TllK MATTONAfi wmtJOfllChU JTiM^ Sd, I03T 

UauM ALB 


lIAi^UVlAUA 

Didt-lptlfdnei Viuplin* 

I}i4€lphis tffri7toteiid__-_. OlioWnllu -- & 

__- Torm or bjinnoD „ 1 

MnpropodLdAe: 

itrriflHAXfJn Elybrfil ifw bingdltio__ 1 


oAtiTimmi 


Foliitnnl; 

Fi^ffj riMCiflior 

JXc:^^fC^l^r«i (jprn»KiK_--- 

Ftffit l<M>___—— 

FolU -- 

fmoA^ _^-— 

-- 

Ttfllt p^rdNJt -— 

rgttA -^ 

FoUm ifjFH* - 


M^iJoEkn immn ,. _ 

Puinn_____^ 

lAm ~— __ 

.. irgttDdn wild tnhby__ 

I JfMiuilf -- 

] Black Jfte^mr . . . . ___ 

^ Hlnck lo«[iArd. - 

... KaMi Afrimn Ewpiirfl^— 

rroiEUn ml. —--- 

._ BilMrbn il|;pr— __ 
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EKrOHr OF THE i5KC1ll?rAl1V 


— Cimi \ntiDiL 

F*:U» fiffriM 

Mk'ft __ 

L^nM iiorifLisf^ 

Ii^NlT r«/fUi_ 


trmmktmQ tiger. 

Odrnt^l — — 

Uay lynj ___ 


Ylrertidne; 

CiwtHcHt _ 

(ienrita itrHi^t^nf^ 

ifafr7b4>^Acra _ 

rfwii/a owtifrt _ 

Hjffictia ^ruiinca_. _...__ 

CAbldae; 


_OTot 


N'lfiunann'ii 

ClT-Ot_ 


ktrimu spettMa Ur^iR. 
Hruwn hyi3(iui - 


OonU Zff^rttiUL. 


Iqfrunf K 

luput _ 

Cufitj nuARiu^ 

lupu* tih&nuji X ^iomcstl^UB. 

Canii rmfUM _ 

Chr^^oci^ lub^ta ___ 


Cojole_ 

A]hUio 

CdyQtD and bjifrid- 

'Hmbcrr wolf_ * _ 

WoM—. _ _ 


WulpCf _____ 

PrcMrjoiildiiei 

*iflrfc<L-. ■ . - 

Foti>r tfavvtr^ - 


Wall mid dog liytn-ld- 

Tbxui red wqlf^^_ 

Mimf>tl wolf- , 

Ony foic^^ __ 

Htd fug. _ 


f?fmy contimmidl-.. _ 

Kj oka Jon . ___ _ 


Pruitpon cauerit^rnB --- . - - Cnili-Mtlitg 

f Mawnni 

Pwpan foior„-^--- 


ni«witi- 


UAEHri$cldq«: 

dtfulHJ _ 

MuAt«lldae; 

Oatfoll^ &arSgra biirbeii'q- 
iMtrff cflNddrfltif fflirq- 
MetUvw^ 

ftl^prta- 


Allilrvo mLTuOn___ .. . 

iNae^' xnmn>Xi-^ —__ 

lUug-ticJl or fncDJi]fidk__ 


W 7 i 1 tc tflym. 


i/titfefd Hcojm4Hf cfnfmoftC 
Ifn riWrfwjffffnC __ 


inotltla ottorv —™ __ 

ftKwdc--- 

lionajuirto'it wemel_ 


Zo«4fioiiiirfq lwi;^trq«rlq, ___ 

MMificht vi*tm rfii 
^ffhWofWZr jimhirmtis 
irraitltte t 

aifi4ri«^IIN« 

FuaretoA _ _ __ _ 

nt'larr.tow _ _ 

__ 

TAflIorcf<m mflHi'ffPiwi’ X 
UrBn% Cfrciotf- 
VrMU4 — 


wc^ibi(L 

Mbk __ 


HEirlilii ntxiUM glfuiik,. 


Aiaerl^un bliiek boar^ 
Oinrfag It^xr - 


Alalny or mm bear,— 
l\ilttr liGJir.^__ 


ffrwi Wdrfirri^^H— 
UrutM tniddmdorffL 

tJrMMS - 

[/rtMi rhfBejaHHtf-.- 
—1 


IlylifUl benf^ 

iSuropetJii brown r>L^iir_ __ 

AUaka Te^iViflqlii bJtown iHMir^ 

[vidder'a bonr^^ - - 

Kutllnk tkoar.^ - «. _ 


^ilm brwu bear _ 

UliiinbyAd tmr — 













































































ANKCAi* RlUI’tJU'l' SUITUBONIAN INSTITIFTIOX. Itai 


S2 


vinviirmA 

OUkrilMni 

Etimtiopia* __ wm IlCiO— 

y^ntfiphiu r?dH/QrHiaiiiri _-_ 041^1 fn miji Hhi IL^ 

f^faodilAc: 

PAora —.— iHicllU! Itnriw i^L 


iUJUAti^ 


CaUltrJcnidij?; 

OaUiihri^F }Hvoh9it- 
nr^^fdld- 


Or44pQmti£Aji fffvtffiipi- 
O^hmot 
Ccht^t 

6'c(«J -- 

fa|lt^^^4 - — 

— -— 


Cammmi ifltifiiiiii«< -- 

Hirirk-ieilkil HMWinfflKl—— 
f afriiln il Aiiki^r^ii tunruioflt^L^ 


^ Ili’iiwii cflpoi:hlBr- 


Optcoi^UktcJcIj] d : 

f7ono(HMiaiu _ 


WbllT-MiroatHl I'PSilifitilli - 

Wcet>ttl( (aifpqdilii - 

Bmwzi — -- 


turfAiEu^t 

COft!0p((k<^!tUM ucilklr^fu roipiMjr, —, 
CrilXiOfriEfhfTfTUff lirilAipiH* #n&EII^|lt - 

Cfirrf>pUhn-u* __ 


fMffiwnu^r, — —- 
OrNi4 BiiiiLkf^j _ 


Jlolow^y nionJt^j 
flriffiti tfUCTtfcm- 


_ Dlniui caunkr^^ 




CoTnAiri po/ycfinifri ranif^tat_ 

d^hhH* pntitcmnp9- 

Hmyi^ri* -- 


Jftfnirfi 

ir4nTf^ rnulolm.^, _ 

Jfo/TiKu ri/mittf_ _ 

Ifwvra _- 

ITamfoi ijp_ 


mturvM^ 


fitflrvpftqiiiLf __ _ __ 

ITffr^rfH^lifi _ 

PftttU> oami$iuM„ --- 

Pnpfo Aapr[UBfnn>J __ _ _ 

/’apfo cpuwr|iAatiir __ _ _ 

PapU* ____ 

Tk^mfitfhi*ffUM ffiiJytfq-- . .. 

SUfHpMmffu§ wifnitaritflu^^ 
tNrn^llililfkf 

PmtfO AMU __ 


Lk» BrUMSu’m KiuEDuik - - 

Lcsa^r wbltEhiio^ pi€iFO]i - 

WtslKMiUJcd RQerqm -- ^ 

Whlte-lnllfd C4ill}1qili^ --- 

Jniiaiir«tf mcrbkex — --—---- 

Jaraii nuK^CtiiUii . 

moiikcy-^^ -- ... .., 

Wi?tidiv|-nr» monker - 

iWMilcfi/-, --- 

MnmtjUjQ ___ 

MtHtr tncia1fd7 __ 

mil ___ 

aUnrlrtll -- - 

Cilui*^itiii- ---— 


niamiiilryiiJi bANwii. __ 

BilBt A.frlci;in bahoiin _ 

W«tr Afklr-nn bokcHtti _ 

Hrljiibi liabwn 

lelblM^n- ___ 

Homnlraii __ 




{7yBchi;imnopA<7vt tarimirin. 


VUctittM fn^y^mmM 

nEi*.^(tirrfHrtifC- .. . i - — ^ — 


MoilLk'd yrciuud Mittilrft^t. __ 

l>ciuHlnH iTtniBd fiiiiJml— - 

iUii Oniiil« itmmrl vqnlTfrl _ 

Efi^liJiTilHOik- itfioiitiii wtukrtvl __ 
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1 

& 
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1 
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S3 


—Cun I IbiinL 

rktlardt^nSi r/<}jpuiu^ 

ItidovidfiMus^ 


Nutamia^ arniwnmt 7tr4|/A«tt<^itf_ 

i|>,ta«Aipini^jr polq 
^aftn^fn /acifrrxfrfj- 

Mtrrmtii I7I#7A<U _ 


Fliu; _ 

t*m!iift _ 


Sciitru* __ 

ficfimi# jmiyL 


tf^llintpr cbljimnnk;. 

Flj-liijf m\%llmU- 
Mri rniuL w^> tlnH** r 
dodclimck Dr grqmultio 
Aibitva wi^ntkhqtfc vr ^mndUae _ 

Itmat wbllK Mjiii m l _ 

HisfCnmn'w lu^nltf^ 


pi 

"^|aj 


_ 

Kflllutl agrp^rfiT^t ... _ _ 

SdnrmM lUifw - 

P*PflC ^riirrftl 

T^jtilui ___ 

BlfutMi'ii fyb l|itmifik 

Tfl^fa^Nlrnri **frfirfirtf.rtt* 

Ibwl Ki|inlrnti| _ 

CkrOi:nj]lhii»s 



2sTLi 1 JifvIcDl p'lii^ihfvr 

TAinm^IPji 


nvtvrDiuyblaD: 


JVm^inrAiu 

II1-B{ttld piw^kpt ItuiniHP. 

t^tr^iffnnfku* tiiiirrHdinf 

Mi^rHain'i^ MLkr poi^Eot mvtm -- 

pt^mUfUiiaiuM _ 

DrtiqiL [inr!br)l tftmtrfefi 

■Ouif’LurLtltiD: 


f?4«ror eflM 

Jim vi*ff . ,. 

CrtcvtUdae: 


in)^iori tirvfitti_ 

IlfTfty plfffny mnnwi_ 

liitfrvtluM nrrpnni 

Ul’nHih PFttt^klnp iiii'jitu 


IhrDtiilnvp iiiiwpH 

^Vpiornjj n^lfeirir^ri_ 

IbCiUin4l>-llilluiJ wnnri nxt . _ _ 

«Vtm4rti4 f7tlrTV>fW# _, 

Ttdtrvf VTATut pn.r ^ 

OMufilfrit 

IlluiHb; niiifikrHr _. 

PrfOAVifmt . . 

1 

! 

] 

i ? 

['1 

:l 

IB: 

i*rrvjnifiom rnmtf^iimui 

Punilll wTllt#i-riV>fk-d ttumrnrn 

Giftrnoddim kltptdm* kitfldu* 

C3f;r#t#kii f»l 

hi*pMMt 


MiirLdnii*: 



flrttiililn jHdnrlifil ml. 

ifWf nmjcnJDv_ 

tiniiao ifiEiiiwt 

ITirj 


iMtm* ^ 

llnirlim mf 

DEEKNliana; 


Difurfitiiif ___ _ _ ^ 

]kfm>i£Lti] iLtkngamn 

fCjitrlriiloD: 


.djawMIon bnrMi^ruiJt. 

kliitajr furmipJlni*- 

J7tf*frLF {falitatin. 

i^ilE Africiiii [iLkrT!if[j4t» . ...-- 

En^ttihoiittdac^; 


SnfhiiiM dartatiim^ __ 


UymuitorUla^: 


l/flAlMirDr fStppM 

imt 

Cftpronu'ldiio: 


f:aprnm}i» pUttrid/:* 

Budti - J - _ 


OlQlCtlUilAD; 


foiitnti J^rhun inti^ 
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S4 


L>iieryi»riiclliliiP! 

i>a>ijrj}F^ocld crroWflOfci j^fjfinnolfupJla- 

Ho*i^proct^t rubraiii^ —-- 

ifyiy^rvcfij $p^ __ ——- - 

CavililAe: 

Cavifi - 

Damnum Md^eltd —— 

— - ■ ■ - 

nyilti>cbCKrridtLC i 


A^iiii^— -, , ^ 
Trinidad 


Ti%13etl —- - 

DomcaUc! j^lnea |ll|e— 
I*ntn&rtnSfln cavy^-^. 
Dwarf CBT^—-- 


/TyifrarhiFmii 


Catiylmm.— -- 


am4frfcaHur__ 
0r|n?fi4Ei(jii4 capiJtfiira*- 


11oTllla(^; 

AmntafnrpKi lertfrt . 


dHoa d^prrMfccrn^*^^__ 

AnUlofic ctrvlr^prn -_ 

BiMQH _ 

Udj fronWU ..... 

Jia# indtcuM -.— --—^ 


AtTr^Kiui?nrj-^ 


AoiiiUid - 
Aiiuu.— 


Caprd , 


raHiFCirAdf.'fr^ jrHa___ 

Co>ia{Kr^4itrrri faurfH-nt aih^iu^iuM 
/opnfd^icut-. 

OniTjrai7a« ft^cAgc_ .. 

Oirf* rttvi>^at!ut ___ 


mark riiiiJt nr rntlliili 
Aiiicf Iran Idwa —-- 

Onyal---— 

Z^ibci , ■ — — _ 

BHljjal- 

tiullaa hiilTalr^- 

mborlnn ibei —-- 

Wtdte-tailLKl ctdL._— 




WliitHMmracd gDii«-- 
I'ttlir_- 


Tavrotm^Hf orifj^ 
AbtUoeaiirldaiT! 

diitftomia'u aificrlituna . 
CToFvIdaai 
Aiti^ 

CTi^uj r4n4fifit3 

CrrvnM , 

Cerru* et^phtUL. 


L^hae uDiallitm^ 
llvan lioiM arji- 

^EotL^ull_ 

Yuli...-- 

KlaniS __— 




.. Asia rtwr- 


f>PPno d4ma _ _- 


Atptricaa i\\k. _- 

Barnftln^Uti 4fl*r— 
ISirrapmtk rnd diwf. 

tladford dcp? -^._ 

' Falinfw 4e&t- -. 


t^Etaricvn»U — 

OdocoiltuK Kyiryifttfaitajc -_ 

Piiiru£.>imi4i« , 

Rfirci nippon _ 

OaiDalLiLiaE 

<7antefuj hact^innMa 

fycitn^ atama _ 

lAtma l^«imarut*- 


[ White fnJlaw" daf^ 

BarkiiM; uf rlb-fai^ed 6mi __ 

ClojUla mvhti ilear___ 

Vir^nla ilmv -- 

Mnltlcra deer____ 

JnpqEiw -- 

Bnctrhia eatBvl ^ ___ 

IJamit--- 

Gtiinutca^^. __ 


lAaaurwilHH 

_Tairylag liftw- af ^nawilioe rabhlt— 

fDaipaUc riibbir^ 

“ ] Ai^poin 
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Kl^RT or THK SECIIKTAUY 


&5 


P^cari 

Ta^Mu pfeari -- - 

SciIiJap: 

JSdftfnitffa olffimc__ 

PAacwAi^mii wiaj^ 

$Qkm$ ■ ___ _ 

Sk# t&-ofa _____ 

IJ IxijHiK^tamldiiiy; 

OhompH* _ _ 

/^/ippopofamiur _ 


OoltuTcd {focturj _ 3 

WlUl^lIpl^ pe««E7«~.^^_ _ . iP J 

Bubbii^i_ £ 

Enot Airtcnu wnrtliGte __ » 

SiiroptMb will! bitur^ __ _1 

rigiD7 iiiKwjM>miu?i!*_„_, - 2 

11 IrvopiKft mill? __ _ - I 


ratf^m^crru 

Kittifda^! 

I7rj»ii#4 ^FWV#„. -- -amyV whm _^ 1 

--- Zahtn-iM hybirtil _Ll _.. __ 1 

Kqmujt __ ZobnL-htirm hjrbtid _ 1 

Equu* mnfivr -- --—-- A^lc wild m or klsiipL. __ 2 

PfUiMr pmrnulitofx.,,^_ ___ Honj^lljOii wild hOT«fc__ _ 3 

JftfufU qunpff^ rJUiptwiiif..- - -- Cliaitiiioii'i sebni _ S 

E^u* ^hra - - Motmloln mtAm _ 2 

TaidHiUf! : 

7oplr(>17o ^frdU _ _Bnlrtl^a 1 

7ofrfrti« icmitrU — „ —iJmtdllao tapir.— __ 1 

IthlomroUttm^; 

DlflTVM hteami^ __ __ Blnck rtiUiu«r«_. . 1 


IWf^SCIMCA 

ElophoM $umtUmns - -—^ Stuiifllra clndmnt ___ 1 

inatffmit«___ _ iodliiD oiopbaiii_ _ , 1 

liOJeodomta f^fricand _ Mrit^u dqOutoC . . . 1 


ChajQopudMDe: 

riofoepH* dftfiurlpliM^ 
l>iiv71»dL{liio; 

flditvpK# no^^nmisinotM*. 


ICtOCTTATlL 

_Tmvtfleil iloU] __ 

—^ Mne-^and^ unnOilfUa. 


4 

4 


DMmodontldoe: 


ClltBOPTI« 

—^ Trinidad TntopLro tat 
UntOA 


3 


Stnithloidiiae: 


imtrx-TiioKircAim 

---South Afrlmu Mtrkh_ 


1 


Rbrldne; 


w 

—— Gommnti t\wu or untidu 

m 

i 


EiffirrircRii. 


1 
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ANNUAii nmiiiT aMmisoNTAN tMsrriTiiTttviii. iim 


d^BDAILItFDfOrES 

Coniiirilda^) I 

<7a^y4rfir« vTtqppcmfbTiif^Eiu--- tftyrtmiry- 

mvaniadMUnit 

Dromie^u* m. ftcMiffijfJfl? ___ C<nnim*w vmn - - 


I KirOHMES 

SiilufUlAcrdiU): 

Bp^emUtUi dmenuM, --Jacka» pcti^noin 


1 

1 


0 


l*diK7tiii1dae: 

PtitecunmM c^Uforml^M -- Callfomtu Ifrnwn -- 2 

pifUMmnA _ -. . AnstmllaD p«ilaui.-. . .. t 

F^fUcanuM cryilkfDrIlirncAAJ 


cidml^U _ __ 

t'^lvnanuM ittKHwnUtU _ _ 

iVl«Y30ttiii miocrAtdfu __ _ _ _ 

J^^XdfitnirJ tK39<wt. _ 

Rulldfid: 

MontM IwiJWByt __ 

SiitA tfr^U _ — -- 

IMLftlnctmirncjiln^: 

yitHttopfrrMm h.arr£jil^_ _ .___ 

natacrtmnii^ littritut (r)t<K*{liiiru« 

Amhinffn nidkU^^ ... 


Alii«Eli.‘ 1 in wrhltn 7 

pcUnan- - 1 

l^mwa iieHcaii ... — H 

Etirdt^ii pqllnixi^ __—-- 2 

R^^lfC^lnrocl peilciifi_ , - _ 2 

Oynnrt __ 2 

D1tfi.*^rDnU‘it bootjj* ___ 1 

FTlF?jtlc«S cfinnorBilkL. —__ 3 

FHinTlon ccrmoninr^^.- — 2 

Flofidrt rfnnnflTBUt™-^ ___ 1 

Anhlngn _ __ 2 


Anlc-Wftv: 

Antra h^ra^iai ___ bint llttim.. —__ 

i^rf^odiiu X A- wictd^HtniU-^ ll^bfid bctcu _ 

Ai^Jra Qwui whitii litrotL_ __ _ 

CTtfjmrrodiai _ AinoKfviii tfgrcC- - - - 

yyri/E<?o/-iiJ' mtf^iirora^ iiarrfitf__ Block-rrcFwnpd nlglit hcfrim. 


C^liotrildoc: 

Voifhit^rivw mAfvdiiw# -- BantbUl 


BaliidnlcIpLIIdod: 

/Trilrf^Wpi hw 

fSfimiditll fttAf^ 

Rdditldoo; 

llAziifpiirlM^rt 

C&eutilUtiid: 

Jll^inurit rpiir^pyt. . . . _ 

'WoollT-tiiM'llfwl ftlnrlr 

ypA^fi/>fdrA|^iirhHx 

Itfldillivtillliid mmtfk 

JatUru m|mfrrfa_ 

JnlHrii _ 

LtptapKlu* cnunmrfdTfi*_ __ 

Unnibuti.__ . 

Aabfyi . 

IzuUcLii AdJttMtjf. 

liTjifnpfBttA /aranlirui . . 

Ijtwrr All Itt^jiitl_ 

AiiftttcriQ ffiti<sfievTftn____ 

Wowl IMh ___ ■ - - - 


! 

4 

1 

Ui 

3 

J 

1 

1 

J 

•* 

1 

1 

2 

1 


* 
















































ilMl'OUT ur TllK SEUllETMl^ 


S7 


TJuiasklorniLLlditu! 

fl/ifirt_. ___ Uowaitu flpOuiiiEiHL---- 

("Jufji a _ __ _ ____ ■ 

CTatfiti wfEW X R, rkhm^ - . It^hrUl lbja_ - --- — i. 

CrUifini -- 

l^iciwl l. hN - -- - ---- 

B+t^afi^JCtipAulo _ Hliick-lic&dtMJ Ibl g . . 

Aimtldile: 4?co=jrauiaf 

Alfitpmina. . . __ _ WfMid dturlr ——--— 

___ Mlf^trfliitl -- — - ^ — 

Jnifj dofnf ttiim _ _^ Peking dac k. . - --- 

^ ] Mallard - - -- - 

itno* -,j (Wlillff> _ 

-Iftdt rahripe^—.^ ____ -■ - dmOiy mflUiifil^,- 

Anas MWiiifinJrt . _ __ Afrk-j^d jrellow-hlTled itiick -- — 

Jirttcr __ Amurlwiii wJiitfrffauted g^Kfl 60 - 

AnKT faibofic,- --- Beau goom - - - - 

Kroum hrmHit _-— . Btnn t . . . . 

/iraola nmacfiwiii- _____ CnamlJi -- 

j)ntriUi r.amdr^itiM _^ . llqK’Mn'a RiHv m - - -—- 

ITnqit^a cnnatf^lii . CucItlJiis gwiwr -- -^ - 

nr^mta _ V^likMlierJced go-wt— -- 

l^nmN iHii'i^jitlJ—_._ _ _ _ Bama^Jls^ gww- - --—-- 

Vaifins — -.- - - 

CTadfirt-fi __ Pamilli* dutlL- -- 

tifrraeftaWflwrffaf:^ ___ _ Cen?opa!in:ir Oipe ISrtrfmi 

Vhm aUMU^^^ ____ -—--- 

t*Aiw rarrHlriv^efnt.,^—^— _ . . — ^ Bluir evune^^,— ^ --- 

__ MiiEflliiii goM —— . . 

Upi^n<ip*it c^pmtd6$. --—.— Cht&ow - - 

ffoJfliwi&fciitifi- _- IIHiJjtliftif — - ——— — 

rifimaj plar„„- --—— Mnut Hwan— _—--- - 

/>d/l/A -—- i^ilflll -- 

Dufifa buktirnm^ ____ Dabnuiau fitnliiiL — -- -- 

nii$lii tfPtffa X D. rjiw -- PliiiflU taytjrfcrt- -— — 

?>nadrcK‘y^ff arfturtd™^ - BJnrk-htllijd duffi k.- - -- - 

i>fndrncpifnit aMfamttttUM ^ . — |Hnck-h*^Uf?tl tree dt^Jc —— - -- 

rWHit/a ---. Wiati--ia(»a trt-e diicJt - 

LrpMitrH* irptfM ____ Eytoa"# Xtm dtifk -—-- 

iforwA aaN?rki4ai» _-_- BfiJd iwitc ----- 

frpdcfimt /Mfintd _ _ , tJrlnqco gcooao- --—-- 

NtUion __ tWiI --- 

flr(rw!i eai^arii^^ _ _ UliiCD^cIc duek_—- --- 

}/pmru f?<iWjrfMcrlii_^^ ___ _ Cftiima-back ufack— --—^ 

Pkitaeic raitoj?/Ki_ . .. __ Hmperor ^ ---—--- 

OTHnAmtii _ ajujr'TrInjctfil eiwm ___—i— 

Qw^ai^^fNia _ (limtitnoB iwd^ ..— 

Qfi^ucTtfAfa __ _ -_ rstuu-wifigrd teiiL^^^__. -- 

S^rArldfartiit tiiiir{/fla/<i! ___. Cc^mtt dntk ___—-— 

ra^orna |4irfo#ii'u— --- Bhi-lldraliiQ—^^. -— 


1 

4 

I 

n 

2 

+* 

H 

IM 

a 

10 

i 

3 

A 

3 

3 

3 

n 

1 

4 

12S> 

1 

a 

s 

1 

7 

D 

1 

1 

S 

a 

Ti 

1 

1 

:i 

4 

3 

1 

0 

1 

1 

1 

1 

11 

1 

I 

1 

1 

I 
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AKNlJAlx HKKUJT SUMmiSMlNIAN l?«S^rfTlPri(>Ki 1037 


CatlinTtldiM!: 

Cathsirte^ cmm- 
CdfA^rrlri aurU 

tit A,- 


VoroQ^f* drrtftu#, 


CT^nrjfrt^pi cAff/unifunivt 
Fiilrirr --— 


WAixfusiTfmMm 

_ __ Ttirkcy vtiltiirr, --- 

X Of rami* atra- Ofiiwlliiiii ninl lurkf^S iultiiro 

_ _ h^brJil..—-- ---- 

litnck Tiilfiire— -- - 

__ Cnll/cTtilii twdoT ---- 


Aftijiilrlilflo' 


AQittla chrQtaeioi _ 

ffufEio — 


f^igUi Ajuucitratl C0lHl4>r_- 

Tullinx— -- 

Ofilrlrn eaglu--- 


BvtcG p!ati(tptcnt* 
Buteo ffraiNfoiiL- 


{rgpfjelut harfHttut fframUi- 

0$fp4 mrpprXti . .. 

iZdJfd^tur _ 


Z£?HrotrphdTt4t^.- 
^ilKfua niiiTfflni --- 


Ito^l-tullcd Im^lc_ 

It4>^-s)ji]tthk!rcd luiwk- 
r^nrnd-T^ZnKied huwk—, 
XmwXi 

, ^ 

TnltnTv_ 

brniktilhijr 1cJid_ 

Bfild __ 

TullAK^ hlLlfd Ma _ 


l\ritirfr>fi J^EilZar rw* _ 

j?fFpAdn(?iLi«lN4 —. 

Trtn^an frarb^Zta^ui______ 

Vrmciui ___ 

Flnloonltlnt^: 

jporrcriifi..-.___ 

|N?!^AZ<?r« __ 

J'tfT|/6orwt 

f'fy(ifbf>ru$ pfattCKi^___ 


f>ji|Trey (Ft lUtli (mwfc — 
CmvTiwJ hjiirk 
Afrlcjiii ^Tt^l-tiiliute. 
VViHlj(i^tailed __ 


f^lviFruw Itnwlr,—.— 
AUilubbfi'H CBracaro_^ 


I 

1 

B 

1 

^ 

'1 

Ei 

U 

1 

I 

1 

t 

1 

20 

1 

1 

1 

1 

t 

3 


Somh Amorlenri tfl™ctiR!i—-^ 


DALLirCUkMt« 


i,'rRci(1iw: 

rmx dZrt bitfZrt«ft_ 

nrtt^ fTiNiti_ 

JJ«*E _ 

VZlu , 

Fhaivinnktaet 

CaUfphatU 
CatrrtiM tmiUrhll- 


Okrpiiiiophu$ amhnrnUar,^^ _ 

OAr|y#f>?opAwJ {TfnArniZ^frd K Bjfr- 
__ 

Chrpittlf>phHM ijftltt#,,,. 

(jnJinua 

fapottira^ 


Cw^MtopU^m 

Gtnnffnii __ 

|Zifi?d/(ti,,„^,=__ 

GtHnatif;! tuwtfrnnifrM*___ 

Gmn drift ii|frf?kmtrrvf teliii _ 

Birmphftti^ ■i»f«Aoft|_ _ 


np\%*M —--1 

Fatnitiiji ptitnmjw__1 

IZnltonluUiiad coiilbsgw__ 1 

Saltin'ii j 


Xrmn iihetiwint... 
UIIIN V riliiinjiAiri , 


1 

- —1 

ikluidfcitit--—_.__ a 

l4kly AtJiZiorBl'n nJu?ttiHiaL n 


llyhm . _____ 1 

Gd^itvji iilidjiHnrit_ ft 

DotiiPlilZtj _ 1 

Ajftaik mlifrntorj a 


^CnnrbirrtnD frbuiiiKinC 

_ WlilirfToftiJ^ kiLlr^___ 1 

_ Unf^tcil a 

^ SilfTtf |kliE^nj3iii _ 2 

HolTij ktltrr ]kbl*«3f4int ...__ 1 

STv1nlifH''> |ihi!j]iqni . 2 
































































KEPOflT oe* THE SECHETARY 


8D 


rhftfiUnlETa i> — CkHitianDil. 

LoysAopAsrui fmfMrK^niit. _ _ nimAliEyaii £n]pe|rtiii pliniaitiit 

I DJna pofifowL _ _ 

WLltd [koIowL 


Pare vriitaiuM- 


Tfjro 


rAa«£tfiiMa fcirf/£r$tr]it_ 


Gm^a penfowl^^^^ 
IUitif-Di!cl£Dd jdii^flfl,rtt- 


Wbtto tiiig-ttftckert imbflJGiitiL. 


forgiiarirt FciHiiikeiii rbig-acck^ pfa«asa]it_ 

_ Kwvc^a plieaaaut —---- 

Himitildmi 

mGraia . Eolcb<?iiiiw'i 

—- Lkiiii^th^ tarki-jr __—-- 


3 

mM 

I 

1 

s 

1 

V 

2 
)k 


aiwiiaBUKa 

Gmidac; 

^JitAropoffi'ifa gfr]go„^ . ,, . .^ — . [Ifdfu^lixiLSo cntnt-^- ^ 

dniiOtrn^ WitraluMiana^^ ——, AuaCraLlAn crttiic^,—_ —_ 1 

JialMricn put^on^KO_ _ Afrlaiii ci^wntd Cftme_„ 1 

^alfuiifra rcptff^ruffi pi&ftprfctsjiif_ iilaist AfrSeBD crowned cfunu— _ 1 

Orwj candif^ft UUIb br^wit cruu« - -- - I 

Our laArdrt ---- BatlldbllL ctnae __ 1 

Onra ^ucaurAnf:^^^ __ _ WliUtviinivd crau p - .. - . ■ - - _- I 

Orui Icuco^fmiHua _ __^lliorleji cctlisd_ _ 2 

i^orMLda^: 

<rtpilan* _ _ <Jniy-hackod tnnnxHrlor-^^ _*_ 1 

KallhLau: 

^aJ^cs uiacH^iin—_ __ _ Aiti«rleab tOGt __ I 

OaUlnuia chhrcpun cachinnam^^ FlorJiJii gnlllnulp. . . . , _ 3 

Limn^ifraw fiaviroMtra^^^^^^^ __ Alricau black roll_ 8 

t'firphyrii^ mirfitNoruf- - —New IScmtond mud tieii„«--- 1 

I'orpfttrNit iHilfaccpAalMt - - Groj tLcailcd ^r^jria^ _ Z 

Euirpy^ldao: 

i^rapjf^a ... — Sun blttoro — _ _ Z 

OUdldAci 

Olti _ _ Dmihaai't Inurtard _ — - 1 

t)lli caffra Ja^kMont^^ — .. . . ■ Jnfkwiii'a bufitan]-^ — „ —_ , - 1 


cnA^^\umMum 

LiiijAiuatc^iHUdiU} * 

otfnsfftrui____ Kumpooii tuLitAmr^ _ 

f-ltHnidrUdae i 

Selnnopimtt cvtircnamtU-H__ Jiki-ylb AiocrleoJi lapirlibg_ 

mn^i^pharun rac/piL____ inack-tieiidiNl __ 

Scolitpiddfio; 

Fhtl4m<iclit$$ Ruff___ _ _ 

Ijlrtiiaa; 

J>aruj <trpiTli(orK«----— Iteirlti^ ktiU___ 

frffrua ____ Elim^ldRinl jpilJ—-_— 

pJfliiisearoiij-,,— _iSlimrotts-witiKiHt fall__ 

LttruM . Silver poil^-- 

/^nr« o^efdcnfri^a^____ Woflfenj fiitL^.——_ 

ZWtrur -—Eaitrtw«i^ fulL.^—. ... 


2 

1 

1 

S 

2 

U 

1 

in 

i 
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ATiXVAL 3MJTIISON1AN INSTITUTION, li^av 


Pitr^e* _— _ Otlentiil BAiito'otiiK— —— 2 

CoEuQktiLilHir: 

CTaTwiat utooftniiea-^—- Kicc^^HiT --- ^ ^ 

Cralf#fFib<t ...— TUwitan — ---- S 

palum^i^M ___> - Wciod pLgeon^^— - — -- 2 

O'olKJNtfli Mrftrfi:_ _ — Aitibing^?! - ---— - 

Cotwmhti, i^omMic t^arietM^ - i'lfjKallml T^fioaTk — A 

OQura _ _- VlclUTli rTOwimd - !2 

IjapiviUtt wMfAtUla - - - - ^ ScaM --- 1 

8trtfpl<^vHo - dove ---— T 

. K«*l Afrktio rlp^-tiK-keiJ - 1 

Titriur ----- — ^ 'Puriia dov^-.^ - -- . 1 

Z^nniduTU ma^imi marmiEnt _ I|i4laii ilpnf^ - 1 


FSlTTMUmuMlV 


LcrrlkUie^^ 

So4 rmihra- 


}Vi(rfco£p704aiu ciruftofFr^ehiiktifa:^ 
TritJi^wu* fortiami^ 


rulusddi^: 

A^pomli ^ffJkiaiw, —-- 

^mrijona ol64/roM>— 

aiJHKonlCB^„ 
Amn^oiia (innr#ti4t'a»^ 
JjnfffCma tfurapaJlinM-. 

Amdfona /rJfrt^d. 


lli?4 lory_^__*^__ 

Green n&pcd toify— 
EVrstoalg paToi|ii«{- 
loTj^ 


Ajnd4ti?ia fiMurorepAalii-- 

A^n^ona 

Afmwmii oi:krffpt^ra^^~ —- 
Amo^wi i>ra/rl*^ 

Amaotinm tp^ 


Amftiumtt tirjifrnka^ 


AmidGrhpnchu§ 

Am ofUTEfiinu _ — 

Ant eAttirw|?r'erd— -- 

Am matatQ ^ — - - —— 

Am iHontcafla* - 

Jnt mv^Atrn - 

Am Mtiwni-. — 


WWto^mnrod [KirroL. 
4.iTanfce-^nG«d partot- 
B<^Uijliel'i lidrTut- 


rdtow-unped (nrroL^—,— 
M«a1^ pnrmt^ 

Peslivo parmu 


c^bao :t4iiTot __ 

Omuee^fmtitbi] innnnL 


YeJIow^rrtildtmal juirfoi - — 

Eoulfle jTsllow-IiOitd iMimJt _ ■- 

IbHt-f^uiPd perrot^^— -- 

Htsponloldti wtilt<!“fitiiited iiamkt — 

ned-CTfiwiicd pirrol - 

Xljmi'lniblat? m^mvf - - - - 

YoilDnv riUcI blue diaciivir^. ____ 

Jit4 amt jflUdw . 

Jifrdn yiilinvv irnd bttie tmiravr^- _ 

TUIa^r^a . 


Afeilc'nn Gtewi macaw- 

3fvcre luiEenw__ ■■., , ,■ 


Amllitjld —-- 

/CTlrffiJN!— . ■ , — 


Wlilitr'eyed icrrut-- 
_ Jfindiij f^onoroi^ 
YvJhfW iMrogiieC— 


- 

/uj^alarlbf - 

wffmL- _ I-r^isrir raai parmL -- 

E^KNiNOiitnruaai §piH.. ■--■ —Sjiii's mciw, , . -- 


TnrI pAnripm- 


ItuwcaUi rm-katw- 


JTnl^pAiu _ _ 

iFiipiiJfrirM atmi . .. OnlsS^n mwnt^ pcLToqi^'t 


1 

1 

I 

1 

2 

4 

■> 

1 

ii 

1 

t 

2 

2 

a 

7 

1 

1 

1 

1 

■p 

1 

4 

4 

3 
1 

1 
X 
1 

2 
1 
2 

4 
1 







































































HI5PC>UT or TliK BlfiCttKl'AUT 


fll 


PKlElAddtte—Ccm tioiieil 

pa«4e»I«irii-. ..- Ve^ _ ____ 

--—... ,. lutmiUfli __ _ 

iCd^fuci _ Omij4fe^E!it!dl:DcL cixJcHtDu__ 

Kakoioe ffaturiia _S^iUphur^creBcnd ei>c)i^lJ3i>_ . 

Kak^tWi iettdbuQUtrL --mlratiK^--- 

- Oretti rvitncreHted cockatock__ 

Kukiit^ _ _ — _ _ tulphur^rtfltod cucikiiQa _ 

Heraa67ieJ7Dntf(eitt_-, rncknf j **i — . ___ 

iTclOufu^tiM - - Gruoii imnKiiiiOt— --^— 

J|£r?ft^lMi^4 __ Omit bbti C<M?k9k^# - ^ 

U^itpkitiA ni&itilcAliA___Ouiilirr iHin^iiivt; --- 

Nondajfiut MttwJnp -. .. - ___ ^^BndJiy ___ _ 

F^w^^^r ttofaNi4t--^ Kcu-^ 

irntfioittmi-_ _ _ _ Amiyuniljid caique____- 

Pi^ntu ifi£-«ifrytia -- - BLuu-iimtled pa^Cill _ _— 

Jc. tramcH. _ Loof^tiiilwl po-roquiat - - 

r«Bracitta -- parogiio^- 

PtiiiitmM <cTilkiu7¥«, ___ Afrlcau ftftajT parrdt- - —^—— 

TaairpTiafAai me^tfrk}tnchm^— _ ([rwC<^liMJ£HJ pnnroc_ __ _ _ 


1 

I 

1 

2 
fj- 

1 

1 

1 

1 

1 

4 

2 

1 

3 

1 

2. 

L 


ctiiLiiLiroeiixa 

CtEcoUdjif): 

Cdwtr^ita$ ___. KjamalJiLD cot cp I -. .. - . —1 

Vumkt* i.'dacrm --- IJojropvAu cackdu_ -- — 1 

JSadpnttmit MfatbjmOdwi^ ___ Kiwi—„ —-- - 2 


amtainjHiiiis 

TjtanldaA: 

IVfa prQiincatu. _Bani owl - - — —— ^ 

s^lrijddu^ 

IfMflo ____ Omit tiarueif uwL ■. ^ - r —- fl 

Otvu ii#to ___ owl - -- ^ 

BJria fw^a. __ __ — Earted -- IS 


Cnprlmaleldav: 

ChiifdcUet mlwor^ 


wsmnunttmMXo 


KLitil iuiwk. 


TrofCnnlitJBi] I 
/Wc»fcli4 


Cubna i»«oa- 


Alccdiiildai?; 

iidoflo __ 

MumotHliio; 

momirltft parpiitit. 

- 

/>tejlootrroi W<i3rwl4^—— . 


Koukubyt-Eft, 


Mf>moC- 


B blH<Ti**t.r art. hu rtib t U ---^ 

AbfB^uii]{i ewjnd lioirnbill - - — 

Cimciivo casyiio bordMl— --— 


t 


1 

S 
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AlfMUiU. HfiTOKT ijJllTHiiOMAX INSTITUTION. SBST 


jyiartnuiiq 

lEnmptiiLfflliluv; 

AvIficmrAyjtrlkirf — ViMicitiekD ioucfiDUlte - 1 

Wnrqutiiu* __ Tn't»4ittiiilt'4 —--- Z 

Rttm-pknittm arkrl.. .- - - - Ariel __ _ 1 

/?ainpA<i«iG« __ - T<kCO miunn --—^ - ^, 2 

___ GqIazui ifinratifitfe --- _ 1 


F.i£S£niFDBl£DI 

CAMmorAE^nrAvi iiurf^ebWi:*—NDk«l-U]n>Hii.4 __ 

Or^niUdnc: 

Grurtrfa pdbiircrrtefifU^.,^—F^ aSawaii ____ 

Gnicu^i __Kanilieni hill nojnnli^_ 

TTTDiihklAo: 

i'G(iH£f«u __—_ , ^ratehLT--_ . 

CorrWte: 

a|ift<ili^>coniaoiW/m»iMiiK>eHiAoia^l_ Jay______ 


Vaipciiifi formoaa^ 

riTM i'AtnfliwFv_ 

Vatrui olbKi_ 


Mexican riiR}n?l? Jiiy^ 

iMilnuinr riaai_ 


GmrWJ hrvii]A^A|;iieAiU_ 

r^rvtft 

O'^rpi&R C(fr(moi4ct- 

CoTvmt 


eritlalo— 
Cptntocom^ cyantipopitn^ 


i'l^ Anffnmfd-_ 


Xnnihimra UfJmem^ 
i'liniKllacjda^: 

_ 

fUttcfKfidti njyff,.- 

Tiipalllclac t 

J\>ifi4ilarA'jtiU« cr^thn^eu^t 

m. 


I'ycnuantJdaD; 

i/cilpufiht Anirm^AaiU- 
OMtmpni /TO4na_^ 
Turdidac: 

lffttt<>cfcAb] rir&rlpfrJ^. __ 

Tunlu# ^fiprl___ 

Laalldiuj t 

idJAllIt iiiirMril iM ... 

^turnliLia; 

Gotmopfaru r^fm -. . 

G4]l^ap4ar 

CcHirehJda^t 

ep0Mmu - 

IcteridAi^: « 

AffeJAiit4 fc/erwepAafiff, 


Wli1li^4imt0lad cpcifw_ 

AinfieJcau crtiw— _ 

Ai^prtcnu rtiToii^^,^ 
AriAtnilkim _ 


WiiLtL^JH^^|t4ftl mven _ 

Jnj______ 

WlLhojifl^tciiL in/,__ 


li>UiL«w-liUl*<l mlif^ikfa _- 

Anacilpnii ma^lo-_. 


RcMphliiinj ivintt 

OimCnuuilnti rtwhl Jiiijr^^ 


lies^cr )iErd nf ptiradiBe.^ 
12-’rtirc«t bird of pomdlm^- 


_ SlOiVudorrs HcLiuLlnc-lnbbieLr- 


Hlnrk hendrd bulbul- 
th'd i^ArMl Uullfitl_ 


Wralcru TCil lpicAM 
Ikini^liitTlt^^ ihiusk. 


Tt^tta Uiical ofarlkEL. 


S])jetit]ld HiAfHft g- _ 

(JreflTf*<) tturlinjE__ 

3oii1hf>m ii\vmy sUrlln^^. 


BJlicr hnney ererpftr- 


Ciibnn rat-wltiiFL^ blarrkblfiL 
Yf^ljim bwided mmh birrt^^ 
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RKPOBT or SECUfTTAItT 


03 


Meni# _ _ _ _— —. 

j/nlrJ^Arni ulcf-- —- 

Pawnocw^ffj ^n^j^ivura - 

Xfjni^AoccpIirnlKi 
tlirnii|i(ilfM!! ? 

6p(n*ittih i^rTfrcf-— —-- 

rtffic/flrtj li^ieiatpilia --- 

TAroitpM mwtf--,.,, . -, ■,— — -- 

T^rauptM n^rliriioitrfi'rtt _ 

Amadim - - - — 

flhlPH*-. — ^ 

DlAiropttru prifcms -- --- 

_ 

5hfWhffii#i phtietofi. ^ ____ 

J*atfda ^tpHv^ra^. _ _ _—_ 


fl^4ii;n^od mtiTSh traupin 
filoTit nri^klfr..-^ 


iirlalt^ __ 

CutwlilrO_ ._ 

Bicp iftnckio - 


X^tow^bendisj hlni'ktilLrd- 


iTubjiu fiplndnlin^ — 
X{^ni>W‘f:riytrn'CH)i nni^ilioriLn. 

BliiG —w,- 

l^im tautf^f^r _ 


Oiit-Ujfattt J&iiiCti — 
Rmi'Rocki'!il whyilnlu 
^Uunt whydati^. _ 


PfMiouj inivrmaliii§ __ 

Haictav# ruh^ffSuntuM^ __ 

fOnttirapdit^ 


Pof^Aita gttfildtKe _ _—^ 

fi^cror^rnoii'rrfifrd ftjieftmopfJ -— 

prqrfTtffitxi ___^ 

_ 

rrhi^llUlaes 

^vnfUtffiCi parrtwtfBt - --- 

Frinffiifa nwnitfrin^Hlij^ . ^ _ _ 

Sfrtopj/rThH n^pra -- -- 

Pnrrtarfrt frlJifajH , 


YHI^s^atligtiMnPTil wliyilnlL- 

CrlfuwTi or h\wf*l Rtvdt^. - 

TThltfr JnTft ipampw _ 

nia<^k<boa1{{^ VfldTQt - 

Oi^InLjt-bri'TiifU'd ttPaTW — 

Kxin^^tiiSItid Ai3pli_ - 

lif^RiEdlaii __ 

Kodiikatll luAHkCHl Wl^aTfrF ntiidL- 

B.niidC'fl fljjcli.- 

Paradise wT^jilah ___ 

^■■Ijm fipcU -, -— 


European gold llncb. 

dmh ^. ■ 


Ph^rU^Jt tibMU . 

^rHiiyj rdfiftrivt- 
HEiffOr__ 


Oultkftz] htillflnch— - — 

R^^d-c^rstH nr nirttllJan rnrdliEEkU 
Ttdlow grosboab - -- 


Uioarir__ 


Rp<jr(ipAf7f] rtirrlJit - 

Rp^SfopAflff jS^vflurvirfi- 

TIqHm etfflora ___ 

TfaH# oWtwpra _ 

VplatiHia 


t,&ssi*r yellow 
Illek''ii ^ 


Xol1ow-Uidllr4 •ewlHSiUCf- 

MelodicS grofisiqiiLt: _ 

MCKiCfIJI gTlifSKHUt— —_ 
ithEc^htj:ii:k i;;Tn4.^ii1i.- - 
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BEPmw 


UCmlCATA. 

Croc(>dyHdae; 

/I%oJor —■. ,. , Allljpitor^^ --- . StI 

m^ir-mpM _ Oalttlnn- ___ ___ - ■ - - 3 

^rw>d^/H4 aoMfHA_ ■ ^ ■ ■ - .- - . ^ Aiuerlran -- 1 

Cncodi/liiM r^ttaphrneiui^ __ Wost Afrleau crorcMllle. __ 1 

CVoccN^(!^M poro#m* __ _5aU Wftier rrmcoitlle-^---t 

Ojloo/oem«Pi fufrojlpii_ ^nmad-iiDsed mKodltr ____ 1 
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annual UJUTOirr SMlTllRONtAS IN^nTllTiaN. im 


HJUAH4TA 


Ldixrtblnar 

fMrrtQ mvratU^ — -— .— 

lMccrt9 tdridU __—-- — 

Aiaimbltif^ i 

Phpiign<ilhuM Ic^armrii - 

lUgQjiiilae; 

«n>UiKm4ijt ___ —. 

Jiri^ eQn*f*tri4. - --- 

J.iK4k pnf^t9k$. . . — 

iHtei'/ifffahif - — 

Cycluti^ aofnui(t^ - - —-- 

i>:4ocr:i(AiiJu4 . 

<H>#7itii4^in - 

pfo/ifrAliic**. — 

ntdo pHoQ __ — — , , . __ _ 

inoirJ4frr _ 

&ctflopor»9 iiftifylja ^ut _ _ 

Qii.rttwmuTi6ncz 

QiTrkft*{fMmg ....... 


\Vp\] lltBnL___ 

GnMi UiMinl- 

Le9iivirr'» winter ilrnevni. 


F^i« duuDdiKirL.. _____ 

Oiiitil iiiiikSU^^___ 

Cnfms admUa —---- 

GyJupaftii^ l^mam-- - - — 

Lyiifinti_ --- 

Cabiin rur]-tiiik>d ___ 

lltkmiHl ILmhI , ___ _ __ 

TToniiiid Uxunl __ 

Flkutc^ LLsint^^^ . . . 

\Vi^^ji 4jiliir tLttinl_ -- 

Boil^ ILunl ____ 

Fciu.- 4> IliMn! - -- - - 

Itobunt |ilj)tc«1 llmnl -- 


ntlodfjrftu^ h0rri^Mm _ bomlti! Uxiird- — 

/fi^lAdrriiiy tyjrjHgciiim- ... Glia __ — 

Telfdal^l 

C»wM47pAanu 4«iP'riH(rylNt _ _ ft^l4ScN?^^ ttfiird-- 

lai?Effiiniri_ _ Crwddlli^ ILsdrd - - - 

/^mcacfw pytonfwujj__— Dnueon U&ltiI ---- 

THpJaaiM^lf »lffrvpttnetQtm4^^.^ — UsiirdL,— 

SotJici(U« t 

Xffvrntif <;miji1prp^aifi( __ _^, Ctiimlkwlwju't ukUilL- --^ 

ifprrMftt wMi/vr_^ ___ Utvmivt akltik - 

__ ___ ektnk . __ _ 

Snmaevs _ Brown nkltilu^ ---- 

7'^l^iiu n/prolidcia_ _ _ _ MotUfHl JlEBrd ___— 

Ti9h*t<t toimMri4<4 ... Rlqiy-toiijnwtl U«aTd. --- 

IVwhpffiiiiriiJi mpoiini^ ___ ^Stanip-latlrd _ 

Faf ^nlrtw^i * 

Fftmnyi __ Gonnr* monitor^. ___ _ 

Famiauf nUoflrut _ _ __ Afrliiin monitor ______ 

Kojuirldiii*; 

fipftntms ___ RInck ^qithf lltard. __ 
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umrntj^ 

EkdJat?; 

Jtfw caii^nd_^______ Oreca tros bm. -. 

ConJliirfor ^nitittor - Cotutiioii btm^ _ 

OonitHofor met^rvan _ _ Uf^xlcaii boft _ 

Jgpfrrn^Cf aitjvfffrr _ _ Ctihoo tree boft.-_ 

cnmAf^JL— —___ ttnlntinw hm^ 

4uhfl0PU*. - - -- TajmUim jhag . . 

JNniTolirf -AnaeoDda ___ 

TVop^dopftii miUtmurmw^^^^^^ _ _ Cilbnfi bon _ _ 
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RHIHITIT OF TUK SECTUSTAUV 


m 


Pjplhgtfildiifl; 


P;^fAi 3 ii rcffini^ 


Infllaii pyUiuii 
Hall ^XTllum_ 


CiiluMdiiOZ 

A^attor (T^fAirofrrdoifflut. 

anypti/PT- . 


_Bwil pjrtlwH*. 




HnopaDAko Ar txiIdImpW 

JDlri> or ratohm__—- 

ItlAck. m^ki- ---- 


Kiaphn Ijii^irt__ — , —, 


SiopJ^e oCvnlrta <icKR|fnf#, 

/T/npAr a. nND^tet_ 

<^NarfWpft/aftf^ 
Elnphv intlplfUX . . 


Fflmnrfo nhavMra^ 


J/pfrmrfiMt _ 

//4«MprtPp4il^fa ftitridana^ 

Lomprrtpf^Ui^ ^F»firrui__ 

J^cfinaifopAf* andfWi!^ 

MnMHfi(/tihU tp. - 

Naltir _ 


OphroAnf* arjffrui^ 


/'JruopA/a piprJffHCiri^pttt^ 


Themn^pkU «rHri/ld 4 _ 


TAcmHopAI# t. 

1*1 ifiV 

UlnplilAp: 

ifiemnt9 fttMuM _ 

/farfi___^^ 


OrotalldDfr: 

ApbUtrtHitm maliMPii._ 

Apti»iro&o*i plicOwni^,_ 

C'rbliJliu EtddhiiifffptiJi __ 

CrOfaTiri uiror. __ 


CVAltflufl ron/facnlw._ 

OtvintuM htrrHdtt^ ___ 

i^iilniruj ^miiTnJiliit_ 

fiOlrNrliJ _ _ 

T/'liifiTfltiinr* _ 

Yltipf ltlai> : 

ftUh urUrtmM^^^ ___ _ 


r^pt?m Arrita. 


luiU^u «iuUiP~ 

Uom FnalLu — 
Bnjory** nmkv^ 
3(itithi>rm pilot 
rWot tiittkp,— 
CliJckvii Ennke. 
Fox nuibe _ 


aiiak&- 


Mini ur h^^m mmla;- 

Hi:i^iii>!K<l 9 m%t 
Flnridit klii^ Pimkc^ 

Klnj; Analco.^._ 

Jtihiro (FT muKdolt'iiiiH 
SUfioolh grram 
i!oar]k^h 1 p imiikr,— 
WalPr 

Wntcr Pttnltti- 


gTDCD FivTikp^- 

Rull fliake ____- 

Pitit mmUif - ^ 

RltibcTD fiUdko -- 

OortcfT sDuke _ _ ___ 


ikjban -froter Fuakn. 
Coral mnk^ -— 

(toliliiiL iiK^ra __ 


SEtJiiutmD Wttcfe-boofkiJ cotiF 


OjpjiiTrbriiiJ - 

Wbi^ ]i^ocmj:dii- 


IRntnoiiildiark^ 

]>r»ert miUwiiiko __ 

ItanUi^l rautgnakft— 

MttMln pw iijtn 

Plimiy - 

Moizitfaiii ptt rlpcTi- - 


Ptt(T ailiU*r- 

KtLPppi^fi 


TfSmWJfAT^ 


/iFrfr^friPitiafl t<viUf€rA^ 
l^tatrmpi pMpc^hQla„ 
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__ fiaisUi jicfw?rl4?iin i^1flltl^!it^ked*tnT^ 
ElaMimil (urtJiii_ * ____ . , \ 
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AifflUAL nEPOIiT SinTHSONUN" TNCTTTTJTIC^N, ISOT 


„ r rtf»ii» ni Alriam wnhijrl'nfiolJift- 
— Suytli Ainjericaq tortoUee^ 


Pi-iLamednsldiie: 

KtuuAtemUAe: 

lijHOPlJTrtim 

Cfaclydrfilite; 

Gh^ilydnt 

Mam>ch^Jpjt (rfftmlflcfca_Allls^ntor aiinripltiie 

T&atttdUdd»i*T 

CAn^ni^fiiirt __ —r^Jaied tarila..-—-- 

puH^Ui. ____ JSpotlii<J turtle— 

Clinttmyt imKMlptft^ -- —Wch^ —,—.—^ 


MuiOt lunle 


O«ceol4i ^irnpi^g cnrtle- 

_)Uui8%ni>]i'ti eiinpplD^ tfirUf^- 

____t^rmiuiknif: turtle__ 


Gttmmyt __ ■ - MnlilcnbiiTE^ turtuleiu. 

QjnboinimtU ___ ynlflyen tKut titr£le_ 

mphirru^s -—-AjsftBfilz'B UjrtolBd_— 

Oc^jiArtrvt ---taopbcr |:QTtx;ilee.- 


Malacicmmyn wtirufiL— ... ■ ■ - 
Pjeird«T>ivl -^ > _ 

Pt^mdfmu* --—, 

PjtffudcmyM 


„ pvifraphlrtn-rUif- 
.. Dlntiiatid-bcKlt termpliu 
C^joter. 

UelTlan feiripln- 


piwudimwM rupttiuM^^ 
TflTTWfKTie CjarpHnu . _ 
T^iJrapewe fWfl/or_ 


CuuibcTlund tcrmfiiH*— 

Fliirlfla ti!rni{ilti -- 

^ Cuban torrapiii-- - 


7VTTti|M?Fie flrnota-—^ 

Tf^Mtu4l^ cphlppinm^^^^ 

5^(>t4ii4-o ffidintA^ 
Teitudn tn&ululio. 
Ti84tuda 


Box UlPtOLRft,^^-^ 
Finride box tiirde- 
Onsurcr toftalw—^ 
^a|>}Lan!t tortoiiw*- 


BancflLU iHlnnjit U>fto!F#x^ 

HimmI Xslaud tortoiiie^ - 

HadlutHt tortoln-._ 

^oiitb Amarff^ark toriulni- 


TritU4lo 
Trlou^aTiJddc: 

AiHpda fffroj— 


SoTl^ifilled Jauil tortoU*e^^^ 
Albmmrla laijiod tdrtube^_ 


Soft'^ullied torLlcL. 
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Aiujithea 


CiUliATdk 

t^iljjtnftiidrldac! 

A'alatnnnitra taramnndrxi---- iSaJutuaurtor-.^_ S 

TriiMrnt p^ho^^^^airr -- . . Rt4'tKil!lfHi jErpnn^fVt mwt. _ H 

TWfBnM frfuTil^tWtffir_ f'nmiunsi uewt___ t3 

AflUklil iimJdae * 

ftipuni* ■■ ■. BIIjkI oel or Ctui^io uiAkt*_ 2 

AmpAlmna frCdarfirfem_____Hjliul ocl op Cidrt|y:4> pmnlr^ , - 1 

Or7i;>tolj;fa[U^(dQe t 

CrypJohwnncknM nUr.&aniffmMU^^„ EIr^llEi«iido7__ , _ 3 

maciitoJHi.—-- Mud puppj^^_ 2 


ft I- i-i lA ^ ^ cj g ^ 






































































Hni*f>riT THE gECHErrAHY 


9 T 


lutiKjnijL 


Yellow 

YeliiJir 


utJeloiiu^ 


liru^h jrcethflllilito: 

Ai^t0pu$ crtidprr_ - 

AMo/rui rtfrfuf - 

HLBOJtfiLosaidiL^: 

Jlttmbhia bomfr^iKl_ ___ PJrc-bclIlcd toafl. 

I>0ndrol>AMdao: 

J}cH4rohGtv9 QvratuM^ -- 


Dimdro^arn pHmfN<>. 

RufoolKlau; 


Airow-poUfan 


froff- 


Bufc (tmeHramiA 
f7v^a effTpti4««_ 
Bufo ifiitr/niu_ 


Ifu/o 

Cemlophfydne: 

CcTaf0pftr^4 doffiira¬ 
lly ndae: 

AeriM ^frpUttt _ 


Green ___ 

CommuH America^ twL. 

Saji^^ Ju ceht'ktt. - 

l^urliKk lamL,.— . . ■ _ 

CtibdiD f la Eli toml . 


flometl 


Cricket 


ff^fa 


cfucTca^^^— -_r. 
ITflrt mtdfiT^ —^ — 
/iyto AL^pi^rHoJtaiii— 
ripldue: 

IHpa nffirrtrana. _ 

JerttopKt muUori__ 

Buiililae ; 

AoNU fJfUOpW-S^ —^ 

i£afia cnrejfie^afKi.^ __ 

H<tm c'IdinirffHa— 

Ap^cTnMepAd|lf_ 


___— Green im frosr— 

_—AuBtrttlljiii lew frojE- 

.. —^ Flericlu tiw fmjp_ 

__ Tfiie frog^— 

__CaUan tren fmg___ 


i&iiriiuim toqd__ 

Mnllnr'a < l«wiid fmg 


Gopliez frmr __— 

BuU 

Gmfii fmg - 


ttinitlierii Jivpnttl 
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1 

ri 

2 

l!i 

30 


2 

4 
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■I 

XT 

1 

a 

1 

1 

1 

1 


RlEtiDI 

Ar<»iiMnf}^Aa|niuf Jl^nArJi _ i —-—— --- - a 

Bnrbutt tp .. ■ --- - -— - ® 


ttrtln tplnvdeltj -- - - 

JhracApdanlmt ____ 

Corj/tfonflf iutftf w_ n. ,, . ■ 

Corydom* _ 

£lgcfropMtntM ___ 

//r(«]jir4Fina _ 

unJ/Incafut_^_ 

ffrfcmitrtrin /ormoia.^ ___ 

Ifpph^t/t^ilrycaR trifaMciatnt^ _ 

nppo*t^u* $p - 

Jijnl^nrlt^ -- — - 

£rypjep/mur MrfrTA h _ 

Lt&trrira rfif«?Ml<ilii* - -- -■-■ 

Icpidof^rirfi parodn^n^^^^- - ■ ■ ■ ■ 

/iiwJnimi-- -- 

Jfrtfffpirmrua cfcwtrioM,, - -- 

I*QniodOm. fineAAolaf ..—— 

SlSOS—^^ 


i^ihiuQ# IttdirinE fluJt_ _ ^ 

Zt'bm -- - . R 

TrJnIdnd ftnnerwJ cutlMi^ - 4 

Annerpri cntltah.^.-— -— - - I 

Eleetfie eel^^ __ _ _ . - ^ —— 1 

KlAdiii; eoiictuiiJ _ _ _ 2 

_ _ .. _ ^. ■ _ _ 1 

_ __ B 

Yellow clinnieia _ — _ 1 

A 117)111x4 rtttAati ---- 1 

Afiiiw l mti tkiit fllJL. - ^ T 

GEoffii catflail _—- 4 

Giiiifiy.- -- --— 150 

B^tuiU Auttfrltittu |m]gll9tU__—il 

ffllecl ric tTi t(^h, _ m^- . . -— -- I 

Butterfly ftsJi .. ■——- 1 
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UCPOItT aJItTnSbKlAN lUSTCflJITlOX IIBT 


r(alVfUKV^U4 - Qlllii|Slj|tlM- -- ao 

__ __ ■ --- -- — 10 

rtufdpfcn^t - - -— AfrlcoB - ti 

Httrophtflttim •C'dJane__ _ AiiisvJ 01^ -— — - i 

. ^ClBfUSflWphU--^ - ^ ^ -- - ——— 8 

Tri^k^fi^her (H^oplwiif _- ThrvfrBpot fitiurnmi - 3 

XfpAcfpAam* kcUcril __ Swuifdtetl -—-- 12 


Aukcni^tindi 


J?iirn>rlRUi __ ——- 'Earanlnlii^^-^^^ ---- 5 

/Miilrafocrcft ntstfloiit ________— Blnck wliloiv HfitOar -—- 4 

Ijrinxm 

9^^ __ _ _ _ OlHOt COCfclfENHilL--- fiO 

UtiLLXfaKA 

AcAaliria _ OiAnt laiv] ttmtl--—, , ■ — — 1 

Cal^atxc£a 

giuinAHiiil ___ UxTtflt Umd mib —.— ...... - 1 

Besi^ectfuity submittiKl. 

W. M* MAXiff Mtvctor, 

Dr, C. G, ABSivr, 

Secrattiry, SitMAiWttiitn /wttituH^ffi. 
























APPENDIX 7 

BEPORT OX THE ASTROPHYSTC.U. OBSERVATORY 

Sm: I have the hotior to submit th^ followinu ow the nctivi- 
iie*i frf the *\atrophyijical ObsjBn'atoi'y for the fiscs,) year cEtdsct 
June lifii 1£^37: 

WOIUL AT WAUmJSaWK 
■vnaifTK or rof^^iHeuTCBTAivT VAi^usa 

At thi) begiixnlup of the fiscal year preparations were being mada 
10 imbliRli Jk tabla of La^t. vxduas of the solar constant of nuliatioEi 
since ItWO, Tliift table itiFolvod die ctmiparuon of reaulLs from throe 
fiiitd stations, seaixiluiig fur of iofiu$ition, and examining Llie 

rccortli^ 0 f each indlridunl day for eviduia'^ of im per feci ol^ocrvatiati 
nr unfavomHc sky conditmna. 

But 111 mEiaiderhig curtain djEcreiKmcif^ it suddmiy occurred to tlie 
Dtrvefor dial u [law had Immoi overlixiked when be deviEcd the so- 
eaUwl hlitirt method of roduction in 1023, It will bw recalled timt in 
Ibo yaai^ 1008 to 1010 nil ob^iurvutitins of tJio ^lar constant loid becii 
maile by the fundamontul or long nndlux]. Tliis involved meajmre- 
tin'nts of tlio Ititensity of sun rays from eitrly inomuig until mid- 
forenoon f and al>ont 2 (hiys of compiituig to yield one valne of 
tJie solar constant of radiation. Morooveri if the sky gr^nally be- 
f jinift cliyMihC or iiiotn bjify iluring tlie several liour^ of observationi 
Uie value fditsiiKMl wuuld bo loo high or too low^ ^dtJaniL nny means 
of lucogntTEing this errors 

To save work, Ut avoid ermr^ nrid (o nitiltiply mitlt^,. the short 
it>etbod waa introdurcf) in Two s^jiifir-constant vat nee cinild lie 

olacdnint frijiij, obsenathais of only 10 mxnntos' dumtion for each, by 
computations requiring only 1 day for botli, Li 1923, hownvor, a 
moLlirKl occurred to iJiv Dh'octor whereby the computing could be 
ainiiwfi elimmatod, tbrotigli the use of tables eompuled oiscc for all. 
All through th^f years whi^h havn since ulapsod this luelhoi] haabeen 
iiwd. U^tiulty^ five vatiieti were oldaincd wUhuut mains labor for 
eneb day nhs^rr^l. 

But some munlJis ago, m iil>ovn stated, the Director pcrqnivied rliftt 
this brief method lias ft fatal llaw. Without going into tecluilealUiesT 
Mid defect consists in iJda: that if f he results of two oi|uHl]y clear dnys 
arc lo fonitnit^’d, on one of whidi the smi actnallj Wits I peroent. 

DO 
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more ijit£:use radiatinti thatt on tbif otlicr, tlie brief tiictliod of 19^ 
will hulMd distiivpiifsh the da? of more radiation, hut will 

ttbow less than the true 1 {percent chaiigu. Moiwntr, the deficiency 
of ftmjilitiido in solar ^'armlioti, lUw to the method of lf^23, is plater 
the more ha»y the *Iays, and Hie lower in altitude tlift station from 
w'likli I lie sun is oliservod. 

Consequently, ultliough the {ntblisliod rwonl of solur Tariation 
since 1923 shows solar changes at their right times and in Llicir right 
(11n>ctions, (he amplitudes of vririatirfli foiimd are too small. Also, 
Hip hazier stations aro at « disadvantage, not only liwanso of their 
Icsa favurable sky conditions, which naiunilly give inferior tvsults, 
but iHtttiuse the method of reduction of 1923 iuovitably diminiRhes the 
itisulting amplitude nf tlie variation of (he auu, which they were 
established to detertuine, even mc)irt> than it affects clearer Nations. 

Onr first care wns to devise a correct tnetho<l of PHluclion, retaining 
as far as |)ossitilo the btevity of computation which was the tni^ril 
of (bat of 1923. Several months wore occupied W the stuff at Wash¬ 
ington in comparing different proposed znctliotls, checking their 
lesiiltB, and III length in coitipuring tables for tlic one rinuliy sehsctciL 
Tide new brief nwtJiml, althongli oomewhot shiuior than the short 
method iiHeil from 1919 to 1923, is far longer than that of 1923. It 
niquires, what w-ns nnnecesenry for flic mefliotl of 1933, llio coitiplete 
mcasurtHiicnt of the photographic records of obwiVTition, just os 
conirdete, indeed. US tlin long mothotl nsed prior to 1919. 

Acc<jrding]y, oiviets were sent to all Held stations to have measured, 
if possible, three bolograpln- for tmcJi day since ItHSl when tins euti 
was oliiivrvcd. Tliia heavy tusk has Ixicn to a large degree acooin- 
plislicfl by the field observers. 

In the meanwhile, by Hnandal aiit of iTohn A. Roebling, and by 
the assiataijce of W. P. A„ the computing staff at. Wasliington has 
been much enlarged. Great progress has hcon made in the rercduc- 
tiun of the soLit-eonsianl iiliservstioiia. Mon tit ilontcziuiui obaerva- 
tiona id nee 1932 linve bean fully recom pitted, and several years' 
nbwrvnttotis nt Table Mountain arc done. However, it will mpiins 
many innnitis licfore the recrmipiitatifiiiE are fully emnydeted. 

HR.na'tiiitx eThimiojiBina 

As in former jimre, orders hnvu come from foreign lands for 
pilvcr-disk pyrhetiomoiers, either new or to Ijo repnirod and re¬ 
al nitdartlized. TtiC!^ iniitrunients are in use nt nearly a liuniiitHl stn- 
dons iu many countries, in all of the conlhienls of th« world, to 
mvasiire the solar radiation. Ilul nowhere are tliey iiged in ra¬ 
tion with (he Electroscope, as with us, to itiakn oompfeto determina- 
tioiib of thu Esulnr coiihtant of rudiution. 
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AIJDITIONAL SOiM ATATHKIfl 

(iient. hojw hml boon amnstd hy ftivorablo aclioii of tUu Soiuiteiii 
Jijfia laati, w\ih rtf 1111*0VttJ of the Pr?sbl™t wtisl thi* Biirojtn of tie 
tljrtt AS mtuiy bjs seven ftililitiojisil slut inns for uliserviiig tie 
soUr cunsraiit of rtirljfttion could be cstijilisitHl. But the hoped-for 
fippropriiidoii having failed in tho Hoase, the it pm W 4 i 5 rejected by 
the Burpflu of Oio Budget in the issdmates for tOllS, and witJi tlie 
present stress^ on rcoiioaiy m Governmonl espenJit tiro un¬ 
likely to It b ndll liNRlievcd timi vEdtiable aiivintce in 

’^Ti»rtUi 6 r foiwaEting woiiTd follow tlje ncciirate daily lietorminatiDU 
of fiolar rariflUon, such might be atlaiiicJ with additional ^lar- 
Qon»Crtiii strtUona- 

i^ae-iu^aM ttjftiKtVijrrKt^:* im ^ a , a:* a test hwch 

Letters have l^ocn received nearly evciy dtij by this Director from 
diT>ugbt-£LriiTkoji areas, soiiie telling of oljservrttitJiiB t^onfl^^^atory 
of Ids expectations as to the progriw of the droiightt hut raoab of 
tliGDi begging for pn^dlction^ to cover rnflitlug years, rha Director^ 
ill his replieSf nlwnys pointcil out ih^ insecurity of midi 
tioiis. He has liinJtcd hmiself to rcftiTTihg to iridica.! ions arming 
from the history of (ireiit loveU sinoo Bi37» Tliesc i^oiut to a 

probability tliat dmtigliL roiulitioiui in (he Northwcslei'ii Sitites and 
npighboring Canada will nuuid be^ltming in 1036+ hut nenr in BITS, 
Tlds view is supporled by a reeoM of 400 years" duration in tiro 
rUiga at Falrleei Vt,+ nieoHnn^d by Profe^r Lyoii 4 of Darunoiitii 
College. PeriiHlicities of £3, 46, and 02 yeaiti are plainly apparent 
therein, H’liieh have ch>9e rchiiiona to iJio levck of the Gn^st Lake^ 

jtoLim fxfuam 

The Director caused to l» prepared and toa^ed in S<sploinber IS'36 
ft solar rofliation steajji boiler of liia design. The tnarbiita m repi:^ 
sen tod hi ifjo uccomptmyiiig ilhistration. It exposed S6 BTnatt feet 
(pin T) of mirror surface aud tvaa iiiteiided to produce nbouf 44 honao- 
po^ver at tlia crigiue, Ciriejiiatipgmjdi records ivere uiotUi of and by 
o^jerating mi dn«!trte genemttor a aliort prognuii broutlcast by 
sohtr frf>wer. However, the dev^ico had tiiuny dEfocta, and was not ip 
that form pmetiral for utilizing solar rurtlaiiou for pc^wer. A small 
solar fliieh boiler 1ms fiJneo kwn prepared vrhicb nlfers much greater 
pmmise. 

ITEUJ WOIIK 

f^olfti’ nidirtrinii obfierring stations haire lieen maintained by pnbUc 
finnki fiiJppleniPtileil by private rcstjureea of Mie Siiifthsonlan liisti- 
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tution. at TaUlo Mountain, Cftlil.1 Monte*iunn, ChUcj and Mount St, 
kthorina, EgypU At llwfio thim stotionB ^o oiniervattuua 
tonnino tiw solar oonstant of radiation havo beoii miulo ot 
ablo doya. Tho average uumbor of days per year Buit^Io for tliOM 
cxL^n^bsorvittiotis in about Hh* Bonifl at tlicee dovaled dnuU- 
lesB dcaort stotions and approiuihoa 80 piuxont of all days. 

FCoeOltKCL 

Frcdarick E, Fowle, tescaixb assialiiiit, wbo joiiied tlw stuff of the 
iVsimpbyflical Obaenatory in tlm year 1804, was ratwod for dis* 
ability at tho ond of die fiscal year. Mr. Fowlo liOB Itoen assiwa^ 
witii practically Owontlio history of the ObeerTalory, and 
a largo part in ita oheorvmg, computing, tJieorotjcid 
plans for its work. He will be est^iolly comcinboted for hts to- 
scaiebes ou water vapor and oHiiio io the otmosphore, for bis long 
iiivcatteation of the extreme infrared epectnini of water va^r, i^d 
for his^ authorahip of numerous odltionB of «Smilbaowan Physical 
Tables”, a’ldoh enjoy an enviable topatation. 

SespectfuUy submittoiL 

™ C. O. Anncrr, Direettn'- 

The Seckfeaht, 

Sifuth^oniom liutiititMn, 
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AJ^PENDIX 8 

ItEPOllT ON THE DIVISION OF IIADIATIOK AND 
ORGANISMS 

Srn: I luivi} tUt hanor to subiijit tliu follow in^ ruimit (»U- tlui 
ncimtiis of die Divudon of RndiattoTi and Organisms during tlw 
year tintlEM] rlniio 30, IUST; 

Notable enceesses hiiTe been Httaiited during tlie year in tlie ^utlica 
of pbotoByndiesis, of pLototropiaui, and of tfjieciuJ roaeiiona of ultra¬ 
violet rays in 1-he ticonouiy of various plant fotinfi. 

W* H. Hoover jntbliaTirit tlie results of Boveral ycara’ Etudy of 
plioUi!)yiit.liesis in wheat Tins basic study was niado vkith ivheat 
grown in gloss tubed of meosated tempemturo, huinidity, and coriKin 
ilioxidfl content, under nearly monotihrnniatic sidacted spectral rays 
of mcBsuiixl intensity.* Various ratUntion sources were employed, 
Bumeliuiea Uio Maxdn iduclric light, soiuelimes Om tnercuiy ore, some- 
til ties the sun. Tlie results luu of high nccunioy. Tlioy givn to a 
prohnhte error of only 9 iMUiceJil ill most siwilra] regions the de- 
IHUidence uu ware length of tho oseimilation of carbon dioxide by 
wheat. The aucompiinying figure shows that ptiotouyntliesis in 
wheat, starting from Miro at tlie end of the vieiblo red, readies a 
high mar im am in the red at GfiOO A. diminiehes through tire yellow 
anil green, reaches a subprdinnU' ninxiinum in the blue at 4400 A, 
Olid then fades away in tlie riolet. 

Mr. Hoover's work was arcmnpltHhcd by a ohcmical iriMhod of 
Cdtimaiing the air content of carl»n dioxide. During the year Dr, 
McAlister has further jwrfocted a spectral absorption nmtlicKl of 
inctnioi'dinary senBitiveiiess and extreme rapidity for iixsasuring ear- 
tum du>xidu coiicontrutiuii. hi air . 1‘ho apjiaratus lias been ^andard- 
iiasd by him and lia.‘i Uwome a tool wlikh bids fair to he of immense 
value fur lliv detectiun and inraaiimtietd, not unly of ciitbou dioiddu, 
hill carbon Riuiioxide, and othai' organic cliemicul ooiii|MJiindit of ex' 
trviiie iiitorest in plant pJiysiolo;^, liuiimn motuboliuii, iiiinu exjttoi'n- 
tioiis, and perha|is in oUier iDdiistrial UsJds. In contiuction with this 
apparatus, I* B. Clark has ileiTPlujHnJ an i«xtrcinety »naitive and 
ruggeil ihtirtu«M!ou]>tii, the evacuatixl tioiieing of whicli is sealed by a 
bubble window of microscopicidly t liin glass. These Ixiauliful doTices 
logother add greatly to I ho practical iniccea of Uiu spectral alisurptiuH 

I 4 
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tnethoct. The now upparatufl has heon dupltcutod in wit ehnp for in- 
totisive ueo in photosynlJuitic atadiest. We iisiMict to ohservo photoo;;!!' 
thesis qinuitUatlvfJy in various families of plants. 

Dr, McAlister piiLlislicd preiimiiuii^ results of a researdi on tirao 
retailotis in photooynllicsis. Ho allowed that intcnntitriit iUumina- 
tion gives vur}' difTcrent growth rates depending on tho rapidlt.y of 
intermiUanto. With alternations of light and darkness 00 timee per 
second tile growth rate over a period ol several horns was actnally 
twice as rapiil ns with continuoua illumitint inn of an etpial t otal tjuaii* 
lity of li^t supplied. Owing to the pracliuilly iiistniitaneous char- 
actor of hifi nieiMtirampiita, ho was able, for the first time, in studies 
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of plant pbyaiolog)-, to turn on tlie light end contlnnonaly follow wJmt 
ha]»fwii3 in plant growtli. Many umet iutei-esting observations were 
rwr^jrded/ 

In a cooperatira rbsaarch with Dr. Flint, of the tTniM Slat™ Do- 
partnnmtof Agricnlttirc, Flint ami McAiiatei-esamined tJie effioimicy 
of differont wave lengths of light to ijrnmote gecmiiialion in Jtelit- 
Soumtivti lettuce seed.* Their results tie in most suggestivdlv with tJis 
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cyrvt' of clJorophyl] Wuitt'lejij'lli rv^bm iriliibiiing 

gcntiitinUori vrons fouitd in tlio bliiv iintl in infrarod spcutniin. 

Di’. £, JoliiiEftuit c*)titijiiied ^tJi TimrkiKi [m^grass bin invct^tgii' 

tioriii(oii(lii»f' In [inxltif^o nniiurt) gniwtji of lomuto plauts imdi^r IaIh 
oraror; cnndidoit& Tho jgrcnt (UDiicult; u to obtain from nrtifii'iai 
sourc(!s light of siifficiont intensity and proi^r wavc-tetjgtJt tUainbn* 
lion. T)y various ingotuotis cxpodients he has a vonsldDrable degree 
solved tite piv^Llam. 

Ifv also continued plmtotropic cxjicriniotits, studying the bciuling 
of plants towaiil the light os wall as carlnm tUoxidc oa'sunilAtioii 
with polnrbuid as coininii'eil to nomiul light. It had triiv.ii 
gcstetl that a teal dittorenco wonltl he foniid, but ho found none. 

With Dr. P. K. Burkhotdur, of Coimectteut College, Dr* Joline- 
tou iJivG9ti|!utcd iho inuotiTiitiou of plitut groaili substaneo by Itglit.* 
A very hoautiful teclmiquo was devoto^icd, whereby live tips ajid 
half tips of oat seedlings n'ore applied in varioua ways to deenju- 
(ated oat seeillings ijj order to deteimine what are the eireuni- 
st4tnces which gnvsrii elongation ninter llie itvlliieuce of ligltL The 
rosnhs appear to show that untlcr cotisiclojahb intensifies of tight 
fJie growtJi hormones are inacttvat^il rather (han difiplacnd sit pro¬ 
ducing tlie woll-kuown tower sfetuiT of iltumiiiated jdaiits as com¬ 
pared witJi plantB grown tu semidiu'kncss. For furlher biforma- 
lion see their very interesting paper. 

Dr, Meier did mtich work on ihti classirientlon of a large eol- 
tectinn of algae for the Niuinnul Herbinutn. Her own inn'eliga- 
t-iotis concerned n search for the stimnlation of nntitipticatlon in 
algae by ultraviolet rays known to be lethal in dosca of siidiaicTit 
intcnEity. The resetircli is not finislicd as yet* but plainly bIlows 
great stimulative lulluetico by minuto doses of these Icthul rays, 
and (bat the degree of aUnmlulion is moift interestingly cuunfscttvl 
botlt with wave length and with the lethal dosage. 

The iniil.runient inaber, Mr. Fllliuen, and I be gloss technician, 
Mr. Clark, oonstmctcd appamtiis of innihiobto use in these inves- 
tigationa. 

Hespixifiitty Bubraitted. 

C. O. Ahoot, I^iraot&r, 

Tlie Six'ftBraRT, 

StaithiioRiat\ itUflihUitm. 
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APPENDIX 9 

REPOBT ON THE UnUAilY 


Snt: I li&vQ l)ui honor to submit llw following rcpoit on tbo 
activili«s of Ui« Smitbsoniitn library for the fiscal year ciulcil June 
80t IDSr; 

me unsAitT 

Hio Ubnuy, or library syotemf of the SinitbfiODiisn is nmde up 
of 45 libraries, all ntore or less speeialieod and indej^cntleiit in tlieir 
nature and |i>caUon, bm all cooiwrating under tlie ceiilrat purpose 
of Utu Inslit utioiu 'lljoy an? the Smithsonian deiKJsit in the Library 
of CongTGsst which is lint main unit of the system; the iibrmy of 
the Puited States Notional Museum; tho library of the Bureau 
of Amoriiuui Etbnoloj^’; the Suiitbsouian oflko library; Oio library 
of tho Astrophyaical Observatory; tlw libraly of Badiotiou aud 
Organianis; Llie library of the Freor Gallcty of Art; the library of 
tbo Notional OoUeetton of Fine Arts (nnlil recently the National 
nailery of Art); t.lui [Aiigloy neronouticol library, sinco 1930 on 
spec;111 deposit m tlio Library'of Congress; the library of tho Notional 
Zwilugicnl Park; and, fiitally, the 8fl sectional libranos of the 
Notional Uuseuin. 

prasoNXOt. 

There were two cbiuiges in tiio {wrnuinent eiolT, LuoiJe A. Torroy, 
senior ntenograpUcr in tlie oOu'o of (be librarian, was iip]iomt«l to 
tbo newly (!fitnlj]tfibi*<l iKHJttimi of libraty araUUnt in the Nniicmtl 
Collection of Fine Arts, and Mra. CJoorgi* C. Roilgrra was clmscii 
for the vacancy—a po^Linn she had formerly held. CorroU M. 
Martin, assistant messenger in llio National Munum library, was 
transferred to ibe Soctid S«;iirb>y Bourtl, and Joseph Saint, Jr., 
sucewded liim. 

The leiU]K>niry oaiktantH were lldeii f.L Ranldu and Margaret 
Kober. Fifteen worlsra were olso assigned to tlie library for vari' 
ons jicriods by tlie Wnrba Prcgratis Administration, 

jEXcuAiroB nr FLTDUt::aTiio>'a 

Tlie oxebouge work of the year brought to tins library, os usual, n 
wealth of fMjblicationa, These raprescntiL'd most of ifio 22,714 padc- 
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agl^8 rcociviKl by muil ajkd tJie by ibv [ntctimtiosiuL ExcliAtigtt 
St^rrici^a tolsil of 24,9-10^ or mt uicrecu^ of 704 ovor l!)fiGi. Each 
jiiukiigc coDliuiit:*! otia or motti xVmon^ Oib tiirgcat i^endiji^'s 

wore those iroDci the AustraUitii b'aiioriuJ Iteseaivh CkxiUioil, Sydney } 
Dentsi;he CheniiBche Gesalieclfuift. Dorlin; Koyal Society of Tas- 
mtmiu, Hobart; Royal Society of Viclotia, Mellwurri®} Societij 
Gc%ilugic|ue do Balgique, I-tioffc; Society for llie I’lvsiaiTiiiion of Uie 
I'niina of the Empittt, London; Vcreiti der Freiinde doi' N'atnrgS' 
sebidito in MeL'Idoiiburg, Koetock ; and Zmdogteat Society of Tj<indon, 

The iMittiliorof dissnrtntions received was or fewer than 
die year before. Of these, 2;2f>2 a ere s<mt to tlio Sniil hsonian 
divptisii; the other U.OTS, being medical in clmractcr, were forwardctl 
TO the Surgeon Generars library, They caintj from the Academy of 
Freiberg, the tuiiversities of Basel, Berlin, Bern, Ibiim, Bnniii- 
eciiweig, Brealati, Conndl, Belft, Erlangen, Freiburg, Giessen, 
Heidelberg, FJelsingfore, Joiib, Joliiis Hojikin?, Kiel, Kunigsliorg, 
liifigi*, Lund, Lwniw, Marburg, N^eocbritel, Pennsylvania, 
Rostock, Strasbourg, Tiibingen, L'trecht, Witlciiberg, Wurzburg, 
and Zurich, and tlie fcclmical sciioots of Berlin, tinmiiijcliwaig, Dres. 
rlen, Karlsritlic. nml Ztiriclt. 

'lint staff wrote 2.307 [cilora, most of which bad to do with tbo 
excliaiigo of iiiiblicatjuns, They obtained by spooial corresiioiidenco 
nml by i^reU among liic Smiilisonian duplicates 4,580 voltimei and 
parts nt-etled in vartons sets, partieularly in the SmitliAcmian deposit 
and the libraries of the Xntional Mitiwiim, Aatrophysiciii Oliscrvatory, 
and Nation id Ztxjtogicnl Bark, They also arraiig<‘d for £62 new 
exchanges. 

It (dioiild Ikj Tifji eti Llial. wbih' tin' nnuLlfcr of sniulJ rend i ngs necet vimI 
bus incruared somawlmt during n'Cont yeare, cbe nuiiilwr of large oae^ 
luLSdiminishnl, Thia fulling olT in the largt* rending wonld indicate 
that iho special effoit of lint i'm]ilfiyeiuj in the libraries of llie Smith- 
son ian, Iteguii sotnetimn ago, to itwhcob the main seta for missing 
nnnibeTsi and obtEiln by exchange an many of these ns fri,»saibJo while 
they were ttill avfitiable, has been higlily successful, at least bo far 
as Uio gaps, eqvcdiiHy flie longer outs, can bo flUeil in this manner. 
It if) reunonable to eX|»cl., therefore, that iijojit of the siihc.antinl send¬ 
ings in the future will not Ui to fill out old sets, hit mther to supply 
llte library witij earlier rmtiiliers of comparatively now serials noodcil 
in the WQirk of the Institution. For the staff in taking u]t new- ex¬ 
changes have two aims constantly liefore them—to serve SniUhjsoniaii 
scientists and to coueervo .Smlthfumiuii publii'atinns. Tlioy also, of 
course, do what they can, in coor»riilt(ni witb the offices of publica- 
lkiiia,tni;ncoureg(' (he return of duplicates not wanted by institutions 
to which they, have been dutribiitod, that these may bo used again 
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in thfl exfliian^ ’ivnrk vi tlm Inexlf ntion. 'I'hi: tJUCoeE of this toi>j>efH- 
live ficrrico flin jnv$[ few years has Ijocii iiotowdrUiy. 

RIFTS 

Thypfl wer<“ nmiiy gifts during I lie jrjir. Tlie Phiiiiifiopliicat S<M;ioLy 
of WiuiliiMgtOJi til^rniMl over to llie lii>raiy ftCVeinl ihnusajjil copies 
of its JltilJetin to he usihI for cxchmige puriioecs, Thu ClcopTiyiuciil 
Lftbordtory piresented 838 misccUttneotia pubiicniiotiE; the Amuripofi 
Assficiatioii for tJio AdvanceinoTil of Sc i once, 5SS; the Americttn Art 
Assoeiution, i\j)der»oii Galleries^ 38 priced cntnlogs of art ftbjecta ; and 
tin* Aiillir<iin>liigicu,1 S^jciety itiul the liioliigical Society of Waali- 
ington, a sulstaiitlal ininiiior of jounmls. Tlui otitstaiwling gift, liow* 
cTW, was n colleotioii, iitiiidjerlng nearly 4,fiOO, mainly ou boLajiy, 
that liad bean part of the wnrkiiig libniry of Uia late Ttr. l''rodcrkk 

V. CoriUn, cJdof botunist of the Departmofit of Agriculture and hon¬ 
orary ciJintop of the division of plants in the National Mnsentin Tlie 
cnlhietiou was pre^nitwl by lilrs. Coville. 

Among other imporlanl gifts wero. Ancient Egyptiati Paintings, 
ill three Tolutmia, by Nina M. Davies, wjtJi I ho oditorial neaietanoe of 
Alati II. (Jardiiier, frt<m John I>. ftaikefeller, Jr.; Uetl-Fignred 
At he II inn Vases in tito Metroiwilitnii Museum of Art, in two voluttuH, 
liy Crisela M. A, llitliUT, from the Mctrot*i>litan Muspimi; CaUlogno 
of Uiapaiiic Pottery, tiy Alice Wdson Frothiiiglinm, ntul C:atnlo^i« 
of T>inJa and Embroil lor it>s, by Florence Lewis Moy, in the coUeclinn 
of tJwj HUpanio fiocioly of Anierimi, fcoin the Society; Index Cata¬ 
logue of the Library of the SnrgwJii General’s OOicfl, fourth scries, 
volume t (two i^)pie;i), from the Army Mwlical Library: A Cata¬ 
logue of the Collection of Mailinnnre Fonntal by Frederick ,ToUu 
NuttIcftiUl, together with a Short iJistory fif the h inn of It- . 
ifaH in and Urothcra of Southliall, hy Charles U. Uentv!, fmin Fred¬ 
erick Jidiii Nuttlefold; Nel (;inquanteiiario della &iclntit Edisim, 
18 !G-Ii> 3 t, in fovir vohiiiies, edited hy fiiacinlo Motto, from tho eil- 
itor; Gregorio VftHtueZ da Am y Cchalloz, by Ilobcr^ Pisano lies- 
trepfj, fnuu tint (tovariiineut of Cohmd>ia; Georg Willielni totGller. 
tba Pioiiwr of AlauKn Natural History, hy l>tiidiard Stcjncgcr, 
from the author; French Arts imil Twitters and Other Essays, by 

W. Fniiicklyn Paris, fmin the antbor; An Essex Index, in four vot- 
Iinies, ecTTipilL'd hy Fiml J. Bniiid, from tho compiler: Bibliogrntdiy 
and 1 lilies of Gi'^hogy Exclusive ifi North America, voltimo 2, hy 
John M. Nickifts mid RoUrrl B. Miller, and vohiiiio 3, hy .Tohn ML 
Nictlce, Mario Sitsgrist, *ml Elentior 'Fatge, from Mario Sicgrist; 
OcEmic Birds of South Atnericn, tti two volumes, ty* Rulwrt^ C. 
Miirpliv, from the American Muecimi of Natiinil Hlsixiry; The Birds 
of tlie Malay I’aniiisula, volume 3, by Herbert C, Eobhison and Freii- 
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cirkk N. ChascH, froitn Gitrtrtxle Abbntt; Pr'ilKiticities, volujrao L, hj 
Henry PuIrHeld Chbom, frr»in tlio Osbom Ijibraiy; Fnunnentet of 
Kntouiologicul History, Uj' Horbort Osborn, from tlio aiitbori Ha«! 
Flora of Koftli Americn Nottli of M«jtico^ roluiuo 1^ part I, by A. J. 
Grouty from Lhn author { Pmkdkum der Edulsteinkmulc, by Qooi;^ 
O. Wild, fmiii Alfred N, Golih^iiitli; wiul sovernJ |Mi 1 >lj(ta|iiiJis, in- 
uluding *1. M, "W. Tiinter, by W. L, Wyllio, imcl the Do Luxe Hliuj' 
imieti Calulogut) i>f Early American Pctrimitii Collected by Thotnaa 
B. Clarke, from ’nieodoro Bolton. 

Finally, there weri! fpfta from membera and aesodaiCH of tlio 
Smilheoiiiun stalT, notably Secretary’ Abbot oiiiJ Assisi ant Secretary 
VV^otmon?, Mrs, CNiarles D, Walcott. a1»i gave a large nuniher of 
jtotnB, includiu^ two coptca of her receiiUy publiKlied lllinrt.rations of 
North Amorirai) IHtrharplAnla. 


fioa*a {nrATnrncs 

Acrcosions to tha various libraries; 



''ZtT toUtan Jd Ml*, uf eHMM, tuslodf Iha Utnauiii nf T<vluihkt Ojn Mhlniine, nmalaliiHM], 
flf II F^ pkitor 


Tlie iiunitiLT of periraticab untered was 21,213; ctf j^Tiblications 
catalojrod, 6,766; of cards prepared and filed, ; of loans made, 
10,609, of vtuch 100 were to libraries outside ilit liistitufiuo and Ua 
branches, irroiji the Library of Ctuigrees 1,012 piibljcaUons were 
borrtiwed, ami from other libraries, 680. 

Tho index of Sniithnariian publicatioiui waa kept, up to dale; tlm 
index of exchange relalionB nnut ndt'nnixd; atid tlm nnimi catalog 
received conaidcmlile ar.t«ntio)i, hk the following table wlM show: 


VolmuD* eatalavMl_____a. 12S 

mill etbfliiji _ ____3,-lS:f 

N«w peftAl cuttifiir __ — __ _ __ _ jir 

Tjpe4 tnrd» oitiliHi to eptaloff auU nhM llaL___ A, 733 

Uhmry of fttHu Bihl^d to onil tUt.___ 2 , gao 
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nrXTiiMa 

Mui '9 lime lliDii iisukil wna li>’ Lluj stall hi ]j'rvj)uriii|' iJiitiudl- 
ciUs fur faimlidg, wjlji Um fulluwiiig r^mlls: the litiniry of the Kiv- 
tlotuil Museum stifit to the himiery t,$4(> Toliuues^ the library of the 
Bureau of American Etlmoiogy, 1,JA34>; the SmiLhsuiiian ufBtii li’ 
brary^ 371; tho library of tliu Astruphydeni ObsKTratory, 180; Uie 
library of the Knliuiuil Colleelioti of Fine Arts^ U3; and tiro JUirwry 
of tliQ Frecsr GaUury of Arti &4* Tho binding of thci9o vnl- 
urriiss—gr all but 100 of thorn, which woro otlierwlse proviiled for— 
was nmde iio^ble by I ho dufidoucy uppropriation of $12,000 ap* 
pntved toward the dotie of lb8D. Muntimi should also bo nmdv 
of the fact that on eijTerienoed binder, utsignifd to the Krtliona! 
Zoological Park under tlm W, P. A., bound 380 volumes for t.lie Is- 
brory of tiro Park and govern I other libraries of iha Smithsonian; 
and of ihfi furtliftr foict timt this on«rt and two othor W, P. A, 
workers repairod about flUO books, thus cjftending their period of 
ussfulrross, 

cirmtH MmviaTBfl 

■ 

3{»c<;iivt gJTen fltiring tins yKnr Uj tliv iibniriitit of llio 

National Collootion Firif^ Artfe inut Ihw Ntitioiial Zoologtcal Park, 
Ag ft con^iifltice, touch progress was n^ndo in forting thmr acctimu- 
lations of iiiiHct'itiiiti<K>ns rnatGriui smd nMideritig Uio publicntioufl 
retftintMi urailftblo for Miuiy items noed^ id the files wotij 

supplied by Lho T-ibrary i^f Coiign^s, Xfutiojiiil Musounu and Smith- 
^nian InstitMLinn. 

Tlie work of thft IS VV, P. A. employees iLsaigmsd to Lho library 
i^otksih'Ud largely of ty]>ing letters, copying cords, rti^palriiig boolts, 
putting pamphlols infn binders niul labeling tJiem oppropriatoly, 
preparing^ rnrHintitig^ niid filing fttronautiatl clippingSj cheeking nnd 
sorting |nib11cntLDna, shelving duplicates, twording ptrirKlitala, nnd 
dssi^lfig ivilb the caf nlogiitg. 

Siiullutonhn duplScfties wore on special iijtclmnge, lo the Bn- 
iv^n nf Ecuador, and tliu fulbwing colleger and univemtiBSt 

Brown, Colufiibmj Fmoklin and Mar^iall, Hftrvjin!| PftimsyUTinia, 
Princeton, HijElins, and Yato. 

Steps wett^ token lato in the yeor to provido a tldrt! lot of steel 
i^lioMug for tim bschnologkal library. When this is instnJIed^ it 
wiQ jticreiUso mntcriiilly the ftJifilf spuce lor tlus impurtnnt eolloellon 
and make possible, it is IiOfrtHl, the enrly eomjdction of the nH)rgan!- 
tntian of th^ libtnries in the Art^ aud Inihudrii^ Building hegi^rn 
isonm yeais ago. 

The iTiference and blbliograxiliical work of thu various Ubcurics 
Ilf the Iruftitvtttoti, which hns Nteadily incr^tucil siikt:e rvnihed 
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in 1037 a lii^b point of effoctimncss, rGqnmng mucli time fromi sqt- 
oraJ members of the stuff and involving eervicn, not only to the 
sciouiists nnti associates of the SmitJisonian nnil to otlior Govenuiicnl 
employees, hut to many inquirora outddu of WashingtoEk. 

If CCDS 

The libiniT needs ti larger annual allotment for binding, so 
that this cssenliaJ aotlvity may be brought and kepi up to date. 
Tlieiti filiould oLao be an Increnaa in the funds available for purchaft- 
ing piihlications that have a direst bearing on the projects, botli 
pi'eaent and pros^^tive, of tlio eoient ilic staff and cannot be found 
in Washington or obtained by eaxhange. Two other needs should 
be considered in due time: more trainctl cataiogcre to correct and 
revise the catalog of the Kalional Museum library and more shelf 
room for its coUtictiortSL 

Bespoctfully submitted. 

Wuxi AM L. CotUktN', Lihtiiritmt 

Ur. G. G. Arawr, 

' ^mifAsowan Inatit/ution. 


APPENTUX 10 

KEI’OIIT ON PUHLICATIOSS 

Sui: I Imvtt llitt Jjoinir to submil Uie foll<*wiiig reiKJrt bu tlio 
[jubUcJitloits of ilw Snntlis(nriiui Institutioit iukJ tins Oovuruniotit 
bnuicbce wuJcr ila mliuiniirtnttive churi^ iluring Uii' ymr eiidwl 

,lnm SO. m7: , . 

Tlie Iiisiiuitlon imbllslu-d daring Oiu year IG i«ipor8 in tho senes 
of Siiuthaoniun Mifiwjllodwiu* ColUftimie, I annual report,, and 
pamplilet copies of iha 27 articlus coulniiicil in tlio report appundii, 
and 3 spfK;ial pnbneationa. 

Tlio United Slides National &Iiiseiiin iasuod I aiiiiiml rciwnl, S 
bulletins, and 29 Proccodings papflrsu 

Thfl Bureau of A ninr imn ELlmolog)' isaucid 1 annua] mpOfTt and 1 

liultoLln. ^ ■ 1 * L 

Of tlie pilblicaiions tUeixs wore distrlUnU'd 1-W,.SIT copiiis, wUwn 
inolndod 70 vtdtinies mm] tojiarutpa nf tbe Smiiliaoiiinn Contrlbu* 
tiona to Knitwleitgu, S^LSrfi vnlwmeii and aefnimtes of llu? SmUh* 
eoniun Miscellnneoufi Collectioas SS^ vwlimiea ami aeparelw of 
Ihs SmilIvHoi!Sail Annunl RpjiortB, 2JSf2l) Siniflisonian special [lubll- 
eutions, 0S,8SJ volumeu and separated of tlie Kational Mutifluin 
puldiuitionH, HJOS publications of the Bureau of Ainodean Etti- 
nntngy, Wi ptibllcatiniiiS of iluj ffatioual (iidlory of Art, llO publtca- 
tiotifl of tlm Freer Gallery of An, 24 uiinala of tlie AMropliyaical 
Obaervutory, Ifi Tcporte of tbw Ilarrimuii Alaska Espialitlon, and 
OTS reports of Ilia Anicrlcftn ilistorical AssociatioiL 

sumrsotriATC u(sc^t.Ait£i>us ixiUJici'titNH 

Of iLe SmitluKintau JUscollnnsoiiB Collections, to! unto 73, thtfre 
wwi iasiied t iwuHtr; vidimtv 91, 2 papers; voluuw tJ5, 12 papere and 
title jKigi] and table of conU'iita; aiul volttniu 90,1 pniwr, making 10 
papers in all, as fnllown: 

ftunMa ta 

No. U Q|aal,ni4 rrnidfimS liT ttie Ititciniiit.|tmiit r'<iBiirtt*«.U«i «» 
NotnmicimaK!. Ot^lclon* m ttt Ilia 44 ti|i. ll'iibt SatiB.1 OrtotM^r iWttl 


murua ut 


IU?]H>rtil OH UiD Mllwilnii* ohutbind bjr tho ftmt JoliiWiiiH-SotlllMijalaii 
BlYp4TitU1nii to ttjfi l*iifeirfG ItlrnD ■ 


m 


smfr—as-5 


114 ANJiUAL HKHJHT iSMlTHSONLlN iN^'rtmONp 1037 


No. 2C. A new AeUnlarcp by 0«*£H? 4 p(^.* a CPdW. 34&1.) 

luitiiirT' fW, IWItT* 

Na ^ NVit of tiijTiliiJiiold isniiitJtecmirH ^7 Wniter TkL TnElemlt. IS 

pp.* 10 flsi (PiibL 341S.> May 7, 11^7, 

vpttiraik oa 

N*. IS. A rumHinrallTfi Mtatjy af iliit liliUttn 4if ei>lt-f7|it«Tono luttae, bj W. tl. 
Anili'rnon. 20 pp,p S pLi, (FttliL Annual It 

No. 14. MDFplioloj^ o( llns iiiwct alxlomciL. Fart III. luflle ipm^taUa 

ClneluilLnjs nrUiroptHlis ortier Uian luHoete), hy H. B. Dfl pp.. £0 

<Fohl, S31»e.> October 12. im 

No. 15. FurHier evblejiw riti tha of {-eirritrtiil tcptnticniti^rov m 

til* varlaiioni at ssolar radiation, by <1 G. AbbiPi, 4 irp.p 2 (l^iliL SW.J 

AiiisiiBt 12, 

lA A tcFeuleciith centnrj lEtter of Gnbrlol Dta* Varxi. CnlilorOQ. 
of i^uba. deHCrlbUift tha JadlanB and Indian mfo^oas of Unrlda, by Lncj' I*. 
WeiilitOd. 14 p^, 12 pja, iVm, Nori?tnlifr 20. 1030. 

No. 17. A now raec of llio mnE sparrow froin Ibc A]>|ia|JiotElaii rvclon. hj 
Alcrander Wotmort* 3 (ip. i I’tibl. 83D94 HcirfenUiiPr 20.1090. 

No. 3 A Twn orffinal pliotogrnpbre n«faUvc^ rf Ahrnluini UnmlEi, hj? AleX' 

nnilpt Wwftiore. 2 pp., i plit |l*ttliL 940f>.l fMober [flp IKJA 

Na 10 OyelM in tree-ring widliii, by <J, G. AblK>t. R pp.* 1 Of. (FiilsL 3402.^ 

l>€»«ni!icr Ifl. 100^ 

No, ya Inaction lion of \ytfmt growlli ntibetaoco by Ilf lit. by Paul B. Jinrk- 
hithia^T ninJ Eitrl fi. iobiwtoiT. 14 pp., S p1p,H 1 %■ jl^lbl, rebnntry ft. 

im. 

No. £J. Tlio ifriienclen^ of ctirbon dJoxEdo aasimitnllim In a blisbrt plnni di> 
ware lengih of maiadoii. by W. fl HtumT. 13 pp., 3 pls.p 4 Bfn a'libl. 3400.J 
Fehninr^ 27* 10®7. 

No. 22 Thlnl ecrntrlbnllcni ro HOmenrlntnrc of Cainhrlan |ritoblte% by i^nrlaa 
Elmer llesaer. 20 pp. f PdbL rt40A) April ft IG37, 

No, 28. On Ehe carrerGona to tva applk^O tn Bllerr-dliA p^rfat^linaioti^, ti^ 
C. G. AblwL T pp. ll'tiljl. Mil\) ^Inrcli 10, ISOT. 

Nw, 24. Tlm^ cnurRo of photcwnlheala for a lilglitT pJnnt by R Ir, McAJjatcr. 

17 pp^ 2 pla., 10 flpir (I'tihL 3410 .) Mny 4 , 11137 . 

Title jingr and fnliki of coateiitH. (Piibl, 3415.)• 

vnirtfUK aa 

Na, 2. Warn lopfUii of Tudlnilon la tlip vlalbk Epf-cLrnrn prcinqUag fbo 
formluatlon of tlgb^iU'iiidUve leuuce iw«lp by Ijewla H. Flint ami R D. 
MeAUater. B pp.. 1 pl.+ 2 flgR. (PobL 94IA t Jitiij* 1ft 1037, 

aMirrisoNTAN annipal iim>irrs 

Rifport for The coin]ikto volume of tim Annual Bcp<in nf 

tlie Board of Itegents for 11 > 3 S was rtooivrd fhmi tiie Public Printer 
in October 

Aiiiitml Hojntl uf I he Dornfrl i .f Ihutifliji U# |1»|. fiinillmiirHiin InNtllntlfiii nhuw- 
laa npfl mtlozis. ^xjievKllEaFcn, am] centlktloa Mf Lho [oiLtlttitlfEn fiir tLo ^eav 
MidUij Jane 30.16W5, xlt-j-SSO pp,. t« pts.. W* reirt flgs. (Puhl. ^S.) 
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Tho ApiKsiKlbt cuntfiijiiKl f.hu foHuwinij pnpens ; 

W^eatbtr fiorerti^ hy tAmngm Ut Uiie hum's nuliattuia* liy C, G. Atilwt. 

wi'uU^t^r ami kU hy Sif OSUktI T. WoikiT. 

'tha jiTn^B riluL^ Djnfin^ iht *19nn^ Ity Walter S. Akinins. 

The aiMioApliem oC Ui<^ iiLaiu^ie., bj lieurj NarrU UiiAiell, 

The BUtfrtrti fiUsturp.!* yf Ihu tntMJii^ by F. E. Wright 
The iipiKT atmiifpllirret I>y <3. if- 13 IJ- Be.* F B- S 

Thonmluru yf the eosmlc miUntlnn, hj Tlkomiift JL Jntlnmn. 

WIinL In elwtrieliy T hy 3'iaid R. Hi-yl. 

New fflcta nlMiqi Uie tiucleiis df the utoin, by Chrl D. Aiiilenuu.. 

The uiiproAuh t« the olMiulute i&ert^ uf ts^nperji^ure, fjy F. Stjqcu, |>. Phrin 
DlHiiverj aofl s^gnlflcnnee of vltuinlii«, hy BIr IViHlbiich Gyivluud llyijkkiic^ 
P. tt 

The (telliilty of IrrljS^nqu wnteFp hy C&rl a, IldolldliL 

Sdldniam nbMrrptlou liy pUnts Atiil tlielr n^tilildM toiidtj to Jiultueli, by 
Auwle Hiird'Rjirrer. 

Tlie lilstMiT ef Au oirludi v^^cADd. Cnttet Latie Kathmol Park, by 

WnIJnee W. Atni-Kipd^ Jr 
CotirretiMN—fTCuka In fltotkr, by IL S. Uanalef, 

Itiqlofiy ami liiiiiLan LritniJs, by Bayiiicikd Fentl. 

The lelaLlou of geueUci to physlolo^ rdcI moflkcliie, by ThomnA Hunt KCorgAD. 
CoELAornitlan «f the Pdclllc haJIbuL m Itilenmtloiiol eip4!^kuimt, by ivnillain F. 
Ttuitutmti, 

Tho irwnUowtjUl bmtCLdUed, by AujUu IL OLeleiIl 
Tlkofie ubh^dtoufi jdAnts ealled nlKiie, by jPloreoce m 
The WoiiUler C'niiyon project* by W«fldy IL 
Vfiuga fiFtw the a«>* by ImuHn .Bl^rLot. 

The Odtnltif of ataii fttuu Aida tn the lliflit ui n?ecat dtscfircLrieti, by Ald3 
IlFtlllSUL 

Ttko nutliiulty ut man to Amarfcn La the lli^bt of arrliedloKyp by S. O. Keltaid. 
A nur^i'y of s^utlmeirLom 6iebi'uld«r, by FTA-uk 11. H. Elgbiiinsr Jr- 
XnxI sxkd IbB nuriianiir Tlie rt^ciivatldiiA ni Nn&l (KLrkukt Enut) Uielr 
cunti-lbtilLoii to our kuqwlHlau of the hlatory of ibe llurrinhA by ttoburt IL 
Pfeiffer. 

TLid mist orToMHmpiia, HoDduttiA, by Dorothy U- Fotmtioe* 

Report for !9SS .—^Tlie report of ilie Secretary, which included tho 
financial report of the execntiro cemnnittoe of die Hoard of He^nts, 
and uritl fomi {*art of the nniniat rejiort of the Board of Boj^nla to 
Congress^ was i^ued in iTanuary 

ReiKirt vt (119 Sccrelaiy <*t tbi» Biiilta«oalan tnotlttitloii (iml Ouaiiclal mwrt of 

the exE^tlTre comiiiIttM crf the Board of Rc^enta for ibe year eiulloii: Juoii 30* 
ibGXL W pp . ^ pD, (Puhl. mH.'i 

^riio reptirt vtilume^ con La in in jr tiku i^rkchnJ npx^Lidl:?i wiia in press 
Qt tJn 5 close of the year. 


ITJlOJOATlUKjt 

Exptonttiozi^ and Jielii work of the Smithsonian iTiatitution in 
1M6. 100 pp.^ 08 figs. (Publ, 3407.) April Cj 1037* * 
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Staleii^oiK to Uto SmlUidoniMi Board of Kogmt$ on 1\} ymrs of 
^tnithsojiiiui ftffurR, by Lf- G, Ahliot- 10 i>|>, (PtibL 

M12*) April 1037* 

FunrACATiasa or the j^ATca yATiONAi. surfiruic 

Tim lulKorinl T^orlc of tlm XiilionA] Musoiun coutinii^i during 
Iht ytjkv iiiidur the Imiiwliiito of thfl {nlitori Piiul H. OJiser. 

Tliurti mmd I aitnual 2 bidtcrtiiTE^ J Tohiiim of the Pro- 

cwclings^ anti ^'pAralcs from ProccetliJigs volumes 83 linil 84^ as 
follows: 

Beport on Uit progrvj® mid cemdition of ilus Cuir^d States Na- 
tiorml Miiscuiii for iJli: year lamliMl .tune 3i\ rtvo^ iii+ U.5 p^sl, 

Jonimry t4,10B7# 

mrN-Kzm«fM : rm-rwis (ta 

Couiptrl^ voliimi^!; 

Promdli]];^ of tli« Statu yAtlciijat HaiWJiun. V«ii, ^ 8i'a, 

37 Ilf*.* 71 fte 
tfepamtu t 

NOi SJWHIl a fP^TtHJtsn of tlie rhiUeld iUrs of Lbo Ptri^^mpuM LjsiLnilUa 

oMjrrlUif in A.inrtim cif Hj M, T. fti, 3as-4iaL 

Oriobei- ifi, jmi 

Na mn. PjtnffmtrU\E tinm rnEEPl StJUtul. Bjf IJarr^^ L Eaclloe. Fp. 415- 
422. B«. 35 JiUf ft i&aft 

Xo. CftUfnmlB Cmmlttccs^ at tne qt^ct Cmiiin:^, Uy Carl Ztramor. 

PiX 43a.-t5D, B4-aO. AiMStiflt 27. IttSa 
No. 2903. A of tins Eamilovr-wa Ecr ipoufu iteat t!wi Pndflr aiiEt 

of the PnORtnn Cmwil n-lili Uigan st ui? CorU4^axi pnd, Bj- W. OtfXaub^tu 
frjjL 1> flg». 4tMa Jolr 31, lIESa 

No. 2M^». jrpock>« itf iiiilrtibafTtoiiJt dnai^Jik of the facultr NiMfiJae fttsm 
OoJJlumLa. I*r 01^ HArtuian. Pp, 4*57-4!^, 3^ 4(1453. JiiJj 11. JOdd 
Nu. EOCte. Four n«w of CbiLlcidoldcA paLraalib on rat^uii ItmertJk Uj 

A. li. tlahifi, Pji. 4Sl-HafiL AogtxBt 7 JKja 
Ni>. SUMl The Toftior^' fViroinlulferii of I lie R^neep OpetruUnrf pncl Opfmi' 
from Nori.h Ameiiva ninl the West Iih|)^ Uy T. Wd^iand Vpiif^pn 
bM W- Cohx 1^ -iSTHJlH liU. dfS-nia (>i?(i(tmr ft IhSBL 
Xfj. Ei'Vifw of the ijeAher;iu (//(ppo^mpvi} IpiokI on llie itKMU of flir 
Amarlcqn eaniimM iiMt of ICnroDe Br l«inc Olsirfjtir^ P|k 407^^504 SL^ 
W-TI* JnnmiiT ift 1SIS7- 

-TJlie itnpf, iphSf of nidi Inilcs. l-vMI, fJWMVlTp U^veii It, 

nm, 

TtMME 

Soiuirntoi; 

No, UepoTt im the fl«h«i ooUoctoil |jy ii Cl nrtton la Ipftbo ^Ihn^siirlkii 
111 l%m. tly Geor®« fi. Mrem I-IC^ pt L Scptemhiir H 
K<x 25£iS>. Tlii? bhiurutoun'Olu of the i^iiiH Kf'h^chtolinner. By 

It. A. CilR?iniita. Fp lTi-34* flipt 1—i. RoptaminT 1050^ 

No. soon New coitlrt Mim ttam IniRm atwl Boa, By Jtolf I*, BoUii. 

Pp 2R^ ttRR. B-1 October iOt JSWt 


or TUK 
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Ni^, 300J. uf AiiierlEob LNii^feloa tJf liis^ fJiiphj'‘llii!i'l fti]hr-imill.r 

TnclijriKkfliEiiv —\*}itt I: ik’uupi By EirtianI J3- Elflct- 

Nortiiiibcr tn 11)50. 

Kd, OOOfiSL of the^ tiahm ot tJii>^ fnnilly wUU ilwrlpikitii 

irf n fitw sifcHflifflL Kilrt U, UrfiJ. Psi- 0^-72. pJ, Z tUf" ^Vt D«tffiibdf 10, 

im 

StXXI, Two ¥ 1 «!W ipvdi.'s of Tinl/rlts tram thfl ^Bncpn-c {if KrtirnRkn. By 
Al^xDiiilcr Wecmorvi, V^k TS-Tfl^ Jlije^, IS* 14. Nciwmbcr 3, IWfl. 

No. 3^)01 A nw Nitrtit Aim-flcrtH tnitiwn-wAsii fitim VIfi^UiLa. will* n±HJ« *u 
bIII^ fomifl. By EpfjHMPrt. TO-^t Oit- NOTcmlJcr *4, 

N<k 3000. Tlio tjnftl Ilf OdiMmij frmpl/tTMi rar. wUli notea lya 

\h^. luiNtfl of Uio wrtHp*. By AllHtln B. flork jaiid Grace X. N^n41iOQaii^ Pl^. 
83^05. Kovcftiber 2 L luao. 

5006;. tuBlIpcelA of tlw. fiinlly l 4 ^ii|iii);R^tAlliU« La NartL A4iJi>rimp 

with (IraerlptliniA tit ^uGra winL By II- F. lixirnliL Fp. 

|il«. a 4. fli9L l(i-m Ma^ la im. 

Ni;^ 300T. an ptuillosttihLii flulicjs. liy fSwi^t K. aiywit pp. IM-lia 

JkiiiuiTy % 1M7. 

Nij, EiXK TUi^ eLHijanirtili OsJifi* of ilw family Orainink^oti^liMaa- By 

fk^rica a MJ'ijWL 1^ 14D-imt pba. C-T. Joiitliitr 

Nul 3005. New NrtfLh AHHFrit-*!! Bpocles of rarthwofiirt af tht family lle*aa- 
By Frank ^Ulh. IV JhJinnry a JP3T. 

No. ^OIUl fJMwrqtlnna on the tit^amtiVb^ ^ctitia itrarh^icUttm Dtijonlla By 
C|k»i K, BynL IV (ita 8^ 0. April 7, ILW. 

No, 30LL New muwvld (DIptom I Ki Uni I^hUihI Btnlcm NnUonal Mmetim. 
By PaTlll a n*B. TV 201-210. flffit lH-Ert. April a 

Nik 501Z l'}in piijm i>f flimiwa f^Tfinnirnra null (TMptmil. By Chnrlrt T. 
(imme. yp. 217-2La Hi ^T. April ^ JOffT. 

Ntk IMB3L A rinir ii«lrtp<^*fl ^ nFiHliliaUil hiiUrrUy /anam, By 

Aiifttln R CUijdlL PpL 210-22[> |tL 10 April p, WS^T. 

Nol 3014. A now ir|Mw|p 9 of framfltoila frani tlio f faacrfinoji By 

I' Couraon ZolUT. IV :!23-25ft. pi. 11. May 4,11^^* 

No, 301S^ Hpilflin focall Jik!filnl. By Boly-rt Triicy Pp. 22T“2ST^ 

pljiL 12-m Jtinr VX llklT. 

Nu, GOUI Two new bootlna of Uift family Mi>rdi41!ilnn fnjin nrcLIdsk By 
Koimw! liny. IV 3S80-241. Xpril 2J, 10S7. 

Nu. iKttjS. A rrvlalon of ttm clapprr mUn l/fnllvF Zonpln^^frl# Bodflnort)* By 
IJarry C. iBiciflirilacir. IV inpih 1057. 

K». accZl of Um Pin,wtfi Blran Nnnl!»* Uif Ripuaa Ifor^ufliJiifan, 

wltb dcfiCrJiidima of acw By KiitEmip Bay. Pp. 381^-3001; JuiiP 

ve. iKtr. 

inrrjarrtirv 

Nft. 153^ t^ri Z Bifda i^oOivtoil hy tlm I'hllda Frlrli rrinnllriotl lo ^tlitlnpb 
HEul Kouya ifiioluny; UapartviL By Ih-rtiert FrMmMnii^ ilJ+ISCiA jrp^ H plf- ^ 
tt(pk (otilomd fftinHapliw)* Juno 2fl, U13T^ 

No, IfT?- rjft! tUiorUTi nf Kurih Miicrlmii Ijirda isf prey, Vati I: OtiTot 
miconlfiirrnt^ By ArUinr llcieUinil Brut tlli+l'lO 102 pla May 3i lUST. 

FTrntJrAtKlKn of TITE IlUKlt,\tJ lIF AWKHITAK KTHJi OliXfF 

Tlni miUorial ^vork iif Iburton \it^ cdwitiiuod ufiJer tlie biiznpilbto 

riiiTctiiin of (Im isdrtor, Stanlny Si'BrUiR. Durinjf iJicH'cnr ujw annua] 
rc|xnrt atu] on<* t>ul)i>iLn issticMl, na fotJows; 


118 AXN'i’AT' itrri’oitT i<simi!<oNiAN ixfrrmmos, iwn 

ADHiial TtcjiOTt ou LIh* IJutviiu oC Aiurrlciin KlIidoIiiej to tbo 
HinTtrlury of the Smlthpoiilnn TiiHtJtntJnn, 9 iiii. 

DuIIetiit U-h rote Rthwt'jhiii)'. Ely Tmnian Mlt^bebum. llfl piv. 9 ties. 

REt^iUT l)F TOC 4«tlRI<!AK liliVlttBlCAL ASSOCtAHOy 

The ennufil reports of the Amerittun Historienl Association are 
tntnatnitted by Lite ttssocmtiOH to the Secretary of tlici StnithsoiiiaiL 
Iniedttitlou and aro couinmnicatod by lum to Con^resa, na provltlM 
hy the act of mcorporation of the nfsocintlon. 

Volume I of ili» rejtort for iiiul Tohiiiie iFT of the reimrt 
for 1031 fWntitigw on Ah)Pru;ati Historyj 1033} werB isnicd dtirtng^ 
Lite year. TJid annual report for 1036, Tolume I, and Writinga on 
Aiuencnn History, 1033 and 1031, wen; iti press nt the close of liie 
year. 

SETOliT np TtlE NATtOXAL BOCIETT, 11A17IIIlTRtlS OP TttK 

irK7inL.iTrmN 

The nuunuRcript of tha Thirty-ninth Annual Heport of the Na¬ 
tional Society^ Daughters of the Aiiiertcjiit Keroltitidii, wna tmns- 
mittcfl to Congress, in aocordaiica vnlli law, December 3, 1936, 


At.LfmnjTTS pnti I'liumTio 


Hie congresaionii] allrdnienta for the printing of the SmithsonLm 
Aiiniial Reporta to Congre® nml the ■nwrious publications of the 
Governtueni bureaus nndcr the administration of the Instttutioii 
were virtually used up at the close of th© year. Tb© appropriation 
for the coming year eliding Juno 30, ID3B, totals $65/100, iU]otte 4 l ae 
follows' 


SinStliAciiilJin InjcUdUJiJli — 
NaUiiftiil __ 


BurvAii of Amtrlciiii ICt^n4ilog7., 
latfinmtfcdml Ejidiatigt* 

XnUoiuil Zoolox^ciil rnrk ., > 
A«trDpb7'Bl<*aJ Ohaervotory . ■ . 
Aroffrlntu Hlittoricfll AsmlfttlniL. 

CoJI«f 3 ^kiri of ^liifr ArU^ 

Respt^ctfully JsubniiitcML 


I>r, C. Ga 

Secf^tarjfj SmilhJionim ImtitfUimi. 


- tlxrm 

- 3U,0(«> 

- 33^300 

__ 300 

—^ 300 

- 400 

-- 

-- 400 


W. P, Thvw^ EdUifn 





















REPORT OF I'lIE tlXECUTIVE 00MfinTTF4E OF 
THE DOARU OF REOENTS OF THE 8MITH* 
somAN iNSTrrtJTioN 

FOK THE YEAR EXDEP JUKE W. 103T 

To the lifmrd of Reyti^ntit of the inHUnlhri^t 

Your c^jniirjitiee rcajMsctfiLllTr Hiibiiiits Lbtf fullos ing re¬ 
port 111 trlatioti to Qm ftmJs of llio SEuUlisuitiim lo- 

getlii?r with n suti^tmurt of iho nppi'tiprijitiipiis by for ilwi 

GovernIIlent buninu^ in Gu> nrliniiLktraUve of diiy IiislituLioiL 


aMrm£^:siA>4 KNoowMKNT r 


Tliu UTlgliuil U^uest Df JitJiK^ 3 riIIIi:»0ll CttNii^'XP 8«t G(1 — 
iliitunida of nionej t^iqieDclcil In praw^^citJaii of ihv 
ctuliRk ffrlRhl^i. iristminqt‘+ iogiPi:h<?r with 
fiiiiil Ilf I Ik- Kuiu lif £5,0n-lik'li Itiid vir^tlihiiiid dttrlb^ iiw 

UfeLllitO af MdiiLd-Ultr t|i! lo XlEtLlt. til« iLUid to lliu 

Ktnoillil of - - - - -,— ^ - — l^'PiUi fXXX DO 

itii* orlRiiiR-l Ix^qnu^ tho rni»Mliitli>ii jsIlOi froiii 

vartoiLM winmHi chlt^flj In the ymru iirior tbo Inrvntte 

from whteb mnr be iiml tnr Kk-m-rnl ivi>rk of llib InistltiLtLoiL 
To U18SC1 eITlb Ma b\xii ndiieil taitilul fmin anvlim^ on. iiicvine, 

StiLii from Ml** of tfCCurllU*#^ eUr.. hrlngliJi^ llit^ loUil 

for Rt^iKTRl to tho RTiioiinl of --- *^S 7 


Tbis. lu^ituUijn Uukts a iiiinil^r of eiidnwiue.ui giftSf tho 

iutoine of tiiijli I wing rrstrictcil to use, TJieso nro iuvt^ofl 

and at&nii on t.Iio iHiok^ of ttii! friid^itiuto]i follows: 


Arlkiin ftiinl. nud Attiily 

film (j|i4 iwMrrt? Am Uie iciiu_ _______ 

Bawii, VtrR:liila L^irilx, fuuit, fur tt itiiVfUfi^ M^hnliLrmhlp to 
InTt'^iIgnti! immn of (Niuurriifw tnhot iliAn the Vu\ie4 Swi* 5 iii^ 
lUitrtt 1!., fmid+ for crcnMiij^ a niouiorlcLl to St'erratary llalTil. 
Banutiw, Fntk-i-lc IJ., fynii, for pun-ltn^ of nnUniilq for (laf 

Zi'Kdo^lrjil l^ark ___^_. 

|.■aan4'•ld CoiJwnloi* ftiiiiJi for liiertiiiAc mid funi id [hi* rmiikulil 

roUctrihm of mliiomlH ___ _ ____, 

Cwi*ty+ TJiurika^ L, ftituh for malntennnrv rtf iho CTaroy cuUk^ 

iim niLiS proiiiollou iif twi^rph*.-^ ndnilni in _ — 

ChiiiiilifnlikllL Fniuclt fuoit, foi- ami (iryiuuHon of 

Imac trf* colUTtloii of eijtiu? ami tiioltu^kii. ____ 

UUlycrp Vlntilp ftiiidp for liirtcuM mii) i^uru of Virgil ItLIJyer 

rolloeUim rtf llKhilOK obirtfc»_ ______ 

Hndi^ln« ftitidi «pt-dnr, for liicri^tnv Hiid diffusion of mere OKni-t 
km^wltniov in rr^ard lo nature 11 nd pmfiortlL>4 of almotiplietlc 
4lr 


Siipim-tn 

i0p48U.tHS 

TOSltF? 

SjpSfT.SE* 

7.T2&S3 

2^ llW. 50 

0 . 1 m 35 


100. moo 

















J20 AJSlimAh ItEI'OItT SailTflSONlAlf tNi^TITUnON. JU37 


Itbsnrch fiiiiil, Rllt* In fdiin uf mU mtaiti .__ Wk 4?iJi 

Hughri^R, Rnic^. funilf ti> ft>tinil riti:ghiti -- 15^ 150 l 1* 

>Xy*ic^ CnttivrhkD Wnlit^iTi, famk lor lanrchnwi fif f^rRc-c^nw wnrltw 
tjf nft far Hit UK of. nuU bpmH flf, the i^atlonii] GalLi^ of Art— 11:^/^ Id 
Urlu^ido, fuurt* fur mnliilpiutiict^ of AlfE%-4l UtiniM 

Pi'll eoikKiJoii --- - -- 

Pwrc, Luct T.t ina (Jiitirgo W.p fimd. lor um of tbo 

atUuiion wlniu futudiml AEUoniilJf tu Uie puni of S25d,iNM>^^^_f(T*TlT. 14 

AddJKJh fiind^ for foauiUo^ cliaLr Lu in mmatj 

of Anbi^T Tm^ _____________ S!&p08C®rt 

UoobUnie fuua. for liii].ir4ivoii!hrikt, mad IxicrciLHi vf iltiuliliiii' 

of . . . . . 

KollLtis, ^llrlCLtn ind WdlkiDf fuod fipr l{iri?«4i93d-UiD« In phyidov 

nnd <?Jii^rnLfftrj.._ _ _ _ _ ___ 

f^prlEigdr, FnuUs fujid, fyp mtr, vitK^ of ^[irlui^ iind 

library-^ ------- il.’m. dd 

Wnicnttp Chnriea IK ncrt Morr Vans, r<>aciirvh fund, for dirvoloi^ 
mcMit of rooLdtLdtU ntid t^U^roTK^cni sinrllnR nod pubUitUlug 

r<?9UllA ibrrwfcf.^, ____ __ __ io, 73 a Sii 

ITonuffcr, lloloo Wnlcotbp ImiEL tusld iu Irttit l _ _ _ JiO+lia. 

Zetbcs^ Fraitcoii Brlucd£,ld. fond, fur uudcorziieut of hijuji rln-- _7fll,Q3 


To^ni undriircaotd for eiiocllh: xmrpo&ia oibcr Uwii Pit?cr 

emloviuniU,- _ __ _ 832,4JS, 47 

Tlnj Capital fumk of t(io InjHtttulJuaj except tlii^ Fnxr fiuiUi^p art* 
inTBatod es follows: 


tond 


O&itnJ 

Tnfiuirjr 


CutUlDlbJlilmJ 

fUD^ 


fitOuqUi 

mia 


ToMd 


- 

mink Pcn]r_„_ 



__ I WrniBi._. _ ___ 

Mvir vAdwtw W, ____ 

ml, 09nkl$«JUTl3takDiL--— 

rtiarK iiMT TMjisa Qvdw 

IML AdOte T..,.,__ 

teSunc MirtCkii.. „ . . ■ 

iSuECVlriuq uHi WlUlnot_ 

QfqllhiiisUntUMttktni 

epbdiJ^.___ 

— . . 

KndmMDl-... 

__ 

HqrhTOhg^...—-- 

HimUlan .. 

UtMA^ 

^©iwitord 

Sfk^lhfuivi Mrwk " ^^ZZZlZIZl ! ■ 

tWiL. .. ^ ----- 


1LUU0 




%m 


un,m 

7tr,M0 

m 

im 


mm. 41 

miin.oo 

limoH 

m«T 

>^llT/i3 

S^UK^Att 

t,itL1» 


lAtMuia 

X4IA1I 

iL.OIT.li 

4Amm 


nm 
i.mu 
ici,m 13 

fTlDT 

m. i» 


m9ir-n 


A,fifiiL0$ 


num 


1^11131 




TVAIKM 


■A4a«& 


^roi.oQ 

n»L«r 

iA.Mr .33 

M,1iVLfia 

i«L«(l.tn 

saH&u 

SB^IVtU 

lUElti&Nf 

AillU 

«rptlT-U 

pl 

£%m» 

mifa 

tm,m 

ktmn 

lin,»LJl 

mimn 

Lm 14 
iT.mM 

Kii3L*cr 

ni.M 


tmiTT.ai 
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niEKB flAIUKT ITT AlTf FTSI* 

Ettrly in by deLvl of gift, Ouwlea L. Frwr, of Detroit garo 
lo fbe Institiitlun hie ciilluvjion of Cliiiwyo Mitl otbor odmitttl objouts 
tif art, as wi;ll ns pnintiiigs, etdiings, anil otlier works of art by 
Wliwllor, I’JmyiT, Dewing, and other lutlsls. Iiator be also gave 
fanda for tbo constmetinn of a building tf> honee the oidieetlon, and 
finally, in his w'Ul, probatetl fiovc-nibcr 0, lie providod Block and 
securities lo Lbe esLimated vetue of $1,D&S,69L4S1 as an ondowment 
fund for the oporution. of Iho gallaiy'. From the alwive date to tbo 
pifoeiit time these futida Iiuto been inca’UsiHl by stock dividends, 
snvini;^ of meome, etc., Ui a total of $4,ddl,i»SQ.96. tn view of the 
importance atnl s^iecial nature of the gift and the nxiuiremcnts of 
tlie testatOT in tcapeot to it, all Freer funds aro Itopt sepatato from 
die other funils of the Institution, and the accouulijig in respect to 
rhojii is stated separately. 

The iuvcste<l funils of the Fiiser Iwspjenl are classifieil as follows: 

Omir( ftua sroii lutfi tiini]__ _______ __ . _ _ 03S. U 

<Joaf( anil sroiinils aiatntpnaiinT Innit_ __ 1ST, GCttlT 

Curator funil_ __ __ _ __ .. _ 55 (t 507 , {» 

Itmliluiirr Unjacr,, _ __ __ - -. _ __ 3.IW,BSl,(» 


Total-- e.ssa.ifioiiKj 


SOHMAIIT 


JntcetM) emjownwul tnr grurml pnrttf> ^ _It. lSS, fStSLiTT 

TnTestei] vnitomiitnt tot apHUlc otlmr Uutu Vnsw 

cjidowmirnt-------asH, 448t 47 


Tatnl InrMutoil etnjcurmepi odier lann Frwr iuieowm«tit__ l,8S5,aiT.tM 
V^ijor torcftml rmilnwinimt for Bpedft; pnrrwww __ 4. SSL 990, OS 


Total liwiwtrU ctnUowmcat for oU parpmii w - -d, TOT, SW, 00 


ci,AflamcATioH or i.vvssrUE 7 (TB 

Do{ii))tlU>ll tn tho L‘, S> Trpojiirr at fi percent per aonoei, aa 
anUiorlzoil In tlio UnUmt Slatr* liorUod Ktetatiia, ow, QliBl-. <1, OOOi Ott 
lun!ittti»<tiia t>ltii>r thnti Fmor ontlovnniint (iMwt ^r 
market tbJuo at date aequlmlt; 

Bond* till atOtreiit aroojw) _ fSOCtaS?.?! 

Stock* (41 itUTcrent _ - _ 474 . 721,18 

Uefti nml flntt-tnortipiKo noton__ _ _ 4t.74(I.iiO 

UoUreiittid capltut. __ _ . s, 4&109 

- as. mm 


i,e>s.!n7.M 


Total tereiitini'n ta otLer tluu) Freer emlowmoiit. 






























122 ANNUAL UJ^roltT S 3 «mii 50 NJAN INSTlTimON, im 

of freer cndii?ti-raiTnt (eimt or murkct 
TilUD flC djtio Kj^QuIrCdl : 

Ikiiul? (41 4UEentiit ——-52 * 3710. CTjG. 03 

ati>ekji (&1 

Ht-al e^Mitc (lTBt-morqq<EP npt(w--- 2 ^ 1 , 500-00 

Utilotrefilcd CBpItol^---- 28^ 233,03 

-- I^.SftLOSaOft 


hirpiitiniriitji-- 


_ o.m.»oioo 


CASH &AliANCEft, KKCEirT?. ANH mSBU PSIrMfNT^ T^UBTSfl TII^ ITSCAl. TRAR * 

Qiah baLunre oti lisud Jtin* 30, 1080-1223.452. >43 

Roc«?1i>I3 : 

Camti liMwmc fmm mrlnuji fourcei for inmeniL 
tvork of thr IiMilltuti^u- 


_*T^43i».2& 

CiLEh and eontrlbutions i>^|i@edni0e for 

ii|>edal Acl^ntldc oOkcin foot lu lie hivesccfdl- 33.440.45 
Cnidv jdfta for Pin'vinl EL-tajrtlfte work (to Ni 1*- 

trattrd) ___—__ lllfk, (]0 

CnuJt^ liurwe from fniikifwiiiinjiji for irpeel^r mw 
otlier (lian Freer rndniviiN«ftt anti froto nil^4- 
Imteoiifi aoDEecfl {JnollirtluiE refund of rempo- 

mry ndi Aiu?^) _ — - — _ ol,Blf,2iO 

Ciub an royaUlr^ fmm Ki:iiitliiioiaiii &ct- 

imtlflp ___ __ 40,m33 

euplt&[ from mil of securltk^ otr. (Co 
bft rel .. . .02, (ft 4. 


Total rmipU citlicr iZuui Freer ootlmrineitt ___ 203, OTU 01 

Cftkb rerrJtita ffoai Freer enilowmciit, tjiL'oaije 

ffoBi InvufltmrJitE- _____ ^3i80i Oi^. 53 

Onnh cepilinJ from oalr, raU of inieTirillciii, ete, tlo 
be rrlrTOPrttrtt}--- - - - 7&«,nR^06 


Tbuil neetpt* from Freer ejadj&wment^^^_-__ L035,5a3J,ai 


Tbliil«----—-- LD22;lOT,Cift 

DbibanwoionCN: 

From fiunlfl for fpriicirtil work of the tiMitlluUoii! 

Bulldlii^, cinr, rrruLra. dud altmUlotts._|l, T17,n0 

Fumllure MtwJ ftitiirrd.- OTO.dl 

fititiilttUtrfttirio 1 __ 20,-KH-7d 

Llbrnry..------2, IdL M 

I^ibtleatian* teotifiifliilim^ Iirrpumtlon, ptiot- 

InCr and illEfribiitIuii)----14, 

H^mrch^ avul «tploT*i!lof«____ 27,254.20 

Intornollrttinl Sichaii|Eea»____ 3,253.!^ 

■ SL0iL43 

itarifinimT ^tm nert Indftd# upproiirliitlJiHfl undm i!» A^fnfnlintiiilr« 

rtiiir|[* nt till tnnUluEJoa 

* Tbi* inrlwliii uIbxt el ipp Omvtirf atm firtnJs olhofm 
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From fmiUii tor iHbur iliati Fmr 

dciwnwbt: 

ImefltiiUfiits made from from ^nUi from 
«oJo* of eecurldo^j tml trtm ou 

\ncQmt ------ m, lUS, 15 

OUitT li^^uillhinsfl^ ruuHlAtlo^ larg^lj of ro- 
fecarcU worlc^ imiroL imrroflii# aiid cart! of 
special coUi'Ct^oiift, etc., frum licuNmio of eu- 
ilowaieiEt iuifdjt mid from caiiti gift? far 
ojutIOc lUfo llndiidlit^ tem];HinirF ad^ 

^ n 

Ilc’ltito4^ent of €^&h rfi|iltijl from oola call 
of >^.£^^,42 

Ctrtit of lULDdUllg ?eC13liUc«i t(K of llTFi'^tfllUUl 
OOUUM^I Qbi] Littero?! oit iNTimLn par- 

chaiiei l . .. . . ■ _____ % (JTt, S4 


From Freer eudovraienL: 

Opcrotlh^ «£pcoifif?s of tbo sullffrjj, ^aiaiio^ 

fteld erpemei, etc---4^,422. Id 

rtiTCbime cf art cibjeeto-.™...14l,$)42.90 

EnVeAtintitits made from pitu from oaliy eb:f_« 

of i5Ecnrld«5__^.--2^, 6tia.T& 

Ri4are*rtmot)( of caish mpLtai from Hale, i;aU 

of iKarucideA^ tjfc____49D^ 327. 70 

Co«t vf bn ml Hug secttrltioa, fee uf LavrotEmiiil 
<?oua8ol. ami aceniwJ lalcre^t uii boad? |Mtr^ 
ctmeeiJ --—----- 22, 60 


CiuH luLlnnn^ Jiuio 119 ^ 7 . 


tiai.6i5LS2 


mss© 31 


Total 


_ l,r,23.tOT.05 


aJCPEXti]Ttm£fi IDB tx rr¥f? SCTESCE, rUHUCATfOXg, rJElXCfiii*^ 

TlOSfB, CAKE, 0£CRiaAf::E, AXI> BTTJDT OF COLLEOTIOl^ S, MX?. 

ExiiciiclHurej from (p-jieml tnndn af Uw libOitaUau: 

_ __ _ _ tlT.OCiO.ai 

Ecwiirobe? and exidoraifoafl^ ___ 27,25*.£t> 

-- IM.mfH 

KrpcTtillrarrA from fuodji flot^oh^l t* iipecllkr r^irpnupea : 

K4wearelii'3i! tHid ___ 4W. T5T, 2^ 

Caro, fDCroflaa. nuiS sliiil^ of apocloJ colI&gtiaiiH _ _ _ 

PtiblLcadoua_ _ __ _ . . _ „ U, OJB. 02 

-- OO.tSl^.4^ 

Toini --——_ mmsa 

The practice of clep<utitiofr on time m local cnidpAiiie^ md 
I^Tik^ PHCih fts tnaj lie e]jniTeil temporarify luis liecH con* 

tinood during the paai joitr^ and inEercsi. on these deposiiE has 
amountetl to Sl^4U.2fl. 
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Tlie Iiifitif otiiin {jrrtlefullj o(ifcnrjw li.Njjrtcs (jtltg oi^ from 

ih^} following: 

1}T. wm[fliu L aijUilChi iKirtloii oE tw ihp Siunii^uiuu injinhition. 

t^rlondfl Ilf fix. AJhiift. lUlfliCvdc. for ifAlublUibiuvjit uuil re of Uhrarr 
in 

VAWlh Op Imu^, rKrfiuii^ for mn of colUi^Uiiik nf fawsa vl4C:,i fu tij? 

Eyilitulion. 

Hr. John A. farther eantzUmtlouE for re«ejLreli4^ Uk rudlutloiy 

JJrsL MaT7 Vniut Walt?£krt for nH-irtalu fiuhliii^aUaiiM nrwf |niT'ohi]i»e of RnediDi?ii&. 

Cr^pomUab, rqrtlitrx eoutiiliHttonit for fvsimnitn Ln mifluifoii, 

The LhirtUm Qnh tif Amcrira, Ihii Aiuatotir t;i3rtlLi|ibr'4t Cliih of Ihifilrttom 
tho ITrrh Soi'lct? of Ainexlni. ujmJ ulhuni for thd imljHiihliav of Ltiuliimuii 
HnTkUHcrl[)L 

Ail [iiiyinuntfr iixe nimltii by d]£ick% Bipiot] ljy Seyn.^tury of 
Iniif itutinn c^n tlin Tren^tirttr of the United Stillest, and a!l m^wnuf^s ans 
depo9it<!tl to the crcflit nf tlifj ijnujo ajct^ouiitn In niiuij inatmice^ 
deposits uto plaped in bank for conveniouce of roilectto]! luid latter am 
withdrawn in rotmd amounia and dfc|xjsdted in the Tmatfury. 

The foregoing report ruUitoa oidy to ih^ private funds of fJie 
[n^jtuthin. 

Tho following amiual appropiiBiuma ware timih? by CVaign^ 
for tins CkiVertimiint humans luicltr ihe adminietratiw rihorgu of ilie 


Smithsaniein Institution for tbo fbcal yoar IWAli 

Balartrji aitd ______ |^aw33U 

Ialattmtloiial _______ 44 ^ 2atl 

AmFrlcan EthEiula^'^.^.___ ISf]>7S0 

Aatrorhyslt^l aO.SDU 

Kailaual Hnvomn: 

UxintciittSLSf nial __, . . __f]34,3 |m> 

PmiernutlMa of ______ _ .. ^ Utli.&tO 

-- 1)70 

Nuthiiicil tlAUer^ t}t AfL^— ____ _ ■ -, Si, 1^75 

Printfjig fliHl lilaiilug^_____^..... , _ __ 55^500 

XatkiMAl Z(Kp|o^r0] rnxk-----2115, 000 


TVitiU---1.223,016 


‘Kmm ctMApHl tj> HoJtfn^t Cli)n«ett(in of Wwi Art! hr Tuhltt tlaoi. H, TOth CtaDC.. lat 
MM.. oDp^dtoi] 11m-. H. im. 

Tliu cxiMisiiioiui ul Clcvoland, Ohio, a nil Da Una, Tfs., wt-re 
tiiiwKl frrnii Iii..ii ^yjtr Anil ilic fallowhifr AUiititnmlii tnailc for par- 
liciputiuii tlierein by tin* SmitlieoitiAu Iiistitntinn; 

Orrat l^lee* £s{Ki)atli4i. Ifidl And 1 03^ ___ _ _ 

GrpftU-r Texas njiU ]r*nii Aiuprli^i ExjwmaJicttL___ _ ES^DOO 

An alloUnent of lp500 waa ats^ made to OTial/le Llia Sinllhsoniaii 

Instirution to place «if) colubit in iJw Intcrtiutiuoal Exfioidtinn It&lil 
in Paria, France. 
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lliu rcpcjrt of file audit of tbo Smitbsaiiian private funds in printcid 

below: 

AVinjirt vm. 

EiscnTTnrc Oufunrcm Ikiaut or tlmEsnm^ 

&mUk90Hl9n li, 0. 

Sxmi rumiuDt to w« Uato aWuted »ei»iuutfl of Mmi Smllb- 

^aJ&n loitlLiilicu fur tho vtiftod June SO, IthOT, nud wt±l£y %hn 

ewe of raitlt m Imuilt focluilliii* pcltr hisd, Juno 3a, bo 

Wo luiti) rotLDcd tike record of irndptr and dLsbnrflamciiifi ondutelaod hj tbe 
luUtadvu null tbe uf Uu- IhmIc Italiuim wILb Uku bttiifc hnlimecc 

Wo bttifo vtnxaiwad aU tins mrurUJei bi Uie cufftod>' iif Uiu loatituli^nt and lu 
Uie custody of tbe bankn and foiiiiit ttumi to aifteo ^tb tbe book reoordB. 

We batr«r coniiNtnM] tJie staled lutromfi of Kach sectirltks wlib ilie naceXpts of 
tKurd mid foimd llicm in lu^ruitumt therewlUL 

We Liivo exuizklM] lU Tiiucbm cnvcfUiif dJwtHiTMenuuiUi for ncecuiii of Uw 
lAititultim diirijaf tbo Ueeal rear vudod Jodd 30, toftotbvr with tba atilbor- 
itr tlkomforp and bsto <»nl]HLroa ttaoiD wQli tbo InBtltilttnii'a record o£ expondl- 
tnree uid foond them lo AKrce. 

We bmro ifxanilniNt aod rerUled the aocomitr of I be JnaUtuUoEi wJlb eadi 
trujit fimiL 

'Wa found tlio l>uokH of dccoimt nud mrords well Uiid ncciardlolr kept and tLa 
mnrltlea couTimlendr flJod and toeurtly cared for- 

Ail Infomuitloa reqiUMtcd b; yimr nuditora «ni« pmrtnpUjr and ootBieooilj 
fumLibul 

We cmttff tins beiiuicii sliee^ in our ap&Mom oorn-ftljr preaenle ibe riiinnHnl 
eondUlon of tbe lusUtimau mm at J one 30^ 1337, 

ItespecifuUj iiibmltted. 

IViULUki U Yamhwm X Cui, 

WiuiAU L. Tnunrop 

CeriiflBd Puhlic AocosMfanf. 

Uc»l>oclfitll)^ subDUttiHl. 

FnEurmc A. 

K. Waltosi Moonit, 

JuKfN G. Mkqqimi^ 
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ADVERTISEMENT 


TU& objwt of tU« Oen’£ral A.pi<enp[X Ld tlio jVotLUai Report ol the 
Smithsonian Institution U to funiiaU brief Jtfcoiinta of scionlific 
dbcoviiry in luirdcijlar lUreutiona; rcfiorta of inveotlgationa made bjr 
collaboratoin of tbe InEtitntion; nnd momoiiB of a gamuitJ elttmcter 
or nn special topics that are of Interest cr raiuo to tlio numorona 
correapondanta uf the InstitntioTi, 

It has been a promineot ohiort of tlie Board of Regents of Um 
Smitheoniaii tnstiiuiiiiri from a rory early date to cnitcb the armitnl 
report required of thorn by law with memoirs UlustraHtig the more 
remarkable and itnporimu dcvifopmunte in pliyaieul and biological 
diaeovery, as wnll a» elm wing the geiieroJ oharaeter of iJto optiralioiis 
of tbf) institiirion; and, during the greulur part of ita bistory, ibis 
purpose has been earned out largely by the piiblie-ation of such 
papers as woidd posses cut iiitonist to a!) attracted by scientilio 
progrossL 

tn TSSb, indunMl in part, by ihe diseotiliniianCfl of an nninml sum-*- 
mnry of prognus wlilcli for AO yaam previously bad }>een Issued iiy 
well-known private publiahing Elmis, tiro secrcitary liad a scries of 
alrstrucU [rrcpiu'od by competent rollaiwrototiii, showing concisely 
(iu> prominent fenlnna of recent soientilio progress in astronomy, 
geology, motcomlogy, pljyaica, cliejiiistry, nuni'mlogy, Isrtiuiy, jwxd- 
ogy, and anUuvi|)ology. This latter plan was continued, tliuugb not 
altogotlicr satisfactorily, down iti and uicludkig die year 1888, 

In Lbe report for a return was itiade to Uit> earlier method of 
preluding a mucellaneous Mifeeium of papem (ernme of them origi¬ 
nal) embrjicing a eondderahlD raiiiur uf fuiuuililie investigation and 
discusicui. This methoci Ims bis<n ecmtinucNJ in tbo present import 
for 1937. 
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Wlicn -we tunii a e*le&ctijK‘ on (lie kujj, we limk nt it tlirdogU it* 
teiitiouse(iveii>|«s—Uie ciirftnu nnii climmospliiiH'—liicn diiwH tiiroiiifli 
a few tiiuidmii kilometeis of iu oyteraioat (itmofiplierc, to & level 
where it Ihicoiih'h too opnqoo for uj? to see fnrllier: just nft, in iiwkiiM; 
down on the ocean, we eco down a few- feet but no fnrtlicr. At 
the vaj^ely ilefinad level wJdcIi ts llie ftnut of our viBioiii, the tctTijKira- 
luro h about U,OOIJ®, Wlmt lies boltiw' that liavel? Wliut k it Uks 
disej) dowti io the interior of tlm aim— hiu! the other etjus? 

The (SKjilonttjoii of t!ie dcop interior of die flliirw liegim in IfifilU 
with ft paper by HoiDcr Uitie of WashineUyi, wbUli lie cnUtled, "tlij 
the Theoretieiit TeniiMiroture of the Sun, Undpr the ilypothoais of n 
Gftiseoijs ^’Iftset, MamtiUning Its Voluiue by Itn tiitemal Hcnt nniJ 
Dependinff on the laiws of l^liydcs ft» Known to Terrestrial Exfiori- 
ment." Evidently he rliilo't lailicive in aniippy ImndlineA. Ilik paper 
hoe been the faundnUem of ilcvphipnirnta by Ititter, Ktudtm, mid 
litheni, wlucii art* taiing oondmnai tit the present dny. 

There k u phrnai' in (Jio tltio of l>unt''ii paper which 1 would under- 
Une; "Drpf ntimff on thf Intca qf p/iyjrics ati jtnoien fo tt^rTtitrial 
nifnh" That expresses tlio principle of which 1 profess mywif a 
ijftvotee. We want io find out bow fur the pilenonions which we 
observe in the sky u|;TCie with, ond are a cuusequunco of, the laws that 
have been aasi^ed to matter as the resiill of terrcatrial experiment 
Take onlinary matter—sonic rtmctiiro of the elenieiita that we know— 
mid apply on a Imp? scale the pmpciiiea of inuttcf ami mdieiion Lliat 
liave lieeii found by expcriniente on a small scale. Treat' it as thoilfth 
you were de!ii|;iiii(ijy: a iHrjpe dam instead nf a large etar^with just the 
same kiru] of calculations and ('xercbdng so far as same 

kimi of foresight. Tlio condidons in die etar are very c.xfnomB; but 
tho ultimate ttiiiipK tu bo dealt with—electiiinB, atomic nuclei, X-rays— 
ufo the flonio ui iJic b tor as in tho lubomtoty, and we run apply our 
lalmnitory knowledge of tbern. C'alciilatv In this way wdiat will he 

I Aditm* ([itti St Iht, Uirr jrS TwHblnnitir CABhcEuw U Aru ua SvivtWM- ruLaUutil 4)r pmittiiw 
<4 tJn «f ffe» HtfiKni I'cRvMR^fr- 
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liie propcrtioB of tlie liiipo jjiuaa—wlint, fur LTtaniple, will be its output 
of boat itiHl liftiit, wluit will be its period Lf it ia set pulBatitig. 
culatc ‘'actofdui^ to tlie lows of pliysics oa kiiown to tcrriHjtriul 
eipcriuiiuit"; and tJven tiini to ilio iiwti witli Uio idescMpo mud aab, "Is 
that ajry tiling like tlte a Lars j/'oa camo in llio aky?" It jcmy Im 

that ho will p<-inl out If the Imvo iinytlung tiuw to 

rcvtittl to us—wliu'ii tho pliyBioiat with lib limilctl etwoUtioufl of oxjieri- 
oiout baa been lumblo to foresee — we ftluiU in tliis way aort it mil f«m 
tliut wliiali is u dinff t coiuscquonce of wliat wo already know or tliiuk 
Wfi know. 

Invcstigaiioufl wliich folicw (Jib c^ureo of procedure arc elusiriy 
Hot apeculntivc. They may Imvo olhiir fa alia, imd tlioir comduaions 
may be uncertain i but their mcthml is Um vioty opposiLo to flislity 
conjecture. ParunllioticBlly, may I »iak wliutlier it is nnl [>os3ibIe for 
critics of thooretira! inrestiffs lions of tbe sltint Ut Giul aonio (ftUiir 
(cnii of tiiBupprobolion tlitoi the term "sttw:ulativR";ono prefers to have 
*von ojuj’b ftiulte colloti by the right iioiiio. 1 do tiol ch^ all spocula- 
linn us II fmiU; and it bus fiomctinies happenod tliot importont ad- 
vunees Lave bi'guii in a spaculutive way. The real huEm. is wliaii 
Hpcciilativo atUimptn are not sufTiokmUy dJacrinmuited from tho 
fftrpifihtforward applicalioii of oxiatinp knowledge. And Uie con¬ 
verse is no less tiiu^iil—wJien Liiiie'ti pattern of iiivcaUguiion, timt b 
to aay, ths results of applyLig on ilie slcUnr sctiie the laws found in 
difl lulKirai.ory, ia confus^ with Uie frankly spoculalivc tliwiries that 
have at times boon put forward; and (iicrliaps I luuy i«id for the bone- 
fit of dll) nmlUemaUciiuis hero) w'orst of oil, when stars constitutoil of 
ninttor obeying the laws of jibysicsso far us Uicy luivo lioini urn'svelod 
to-day, aro confuBcd witli mudioniiitifiul areutituis uliosi' only diiiui 
on oiir attcntitin b tbut Uiey euiisfy degjint difTereniiid ntiuaiiowB, 

1 will not guorunice that tbc concltiniiuis dint I shall put before you 
will aurvive the progress of knowliHlge in the next SU yoara. If by 
then diB stars of giuMkiiis eoiistitutinn which we accept imlny have 
given jilaco U* liquid stars or solid stars or, tm .1 onco aiigpwt«l, crys¬ 
talline Btiira composod of ^himum iirysLals—■U'cll, ibero buvu liecn moiv 
auriiHiung cbangiti ui scienna than lliat-- Hui I believe Jiriuly dial, dm 
coticlusbins nrr such iw lil our prewmt ni-icnlific knowledge; and that 
dioy rupresent presont-dny astronoiiiy b step with pran^nHlay 
physics. To IIS* a rntlicr favoriui word nnwadnyB, ui»fA«ifwj|j, Liu* 
interest of these invostiKadons is, i lliink, uot so much dfqicnclonL on 
the absnluto mfomuiLiau ibey yield, ns in tho imiilcutiou of j)liy«cs 
und antrephysii.'s—enabling u* to (tee one undorlying ciiuBe or one 
deiTiftnlary wiuatbiii ul the root of Uic moat diverse luanifestatiims, 
treeing lie cffocia in liiii vnnium tube, in itiu intorinr of stars, in tbs 
diJIijHtinBbuliWjBnjl—not leam^in die (yBU-jn of galaxies which con¬ 
stitutes tho cosmos. 
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1 w'tmt lo tcMivtf tiinc to speak nf roctnl pnilbtoTiis, w 1 mill run over 
niihcr briellv tlie older part of tlic Buhjwt. Let oe Boppoae that by 
ol^sen’uljoii fmin oitisido we have asccrtjiincd tSie mass M and the 
rtuliutf R uf a star—^jiut liiiffio two data. Airiied mitit tills infonna- 
fioiij, whitt euii we di5ilur.o (by laws of pliysic*i') nbovit ita interiur? 

The first difficulty is that, allheugli we have ascertiiiuud the loitJ 
tiiafiSi. we have nut foutid lion' it is distributoil—whether it is fairly 
imifnnn tlitou{jh(ujt Uie vnUinis of Uve star or struiigly toncenfcraiwl 
to tbe center. I will ant stop tn oxplutti how' wc linve gut over diis 
difficulty; but it Is a side of ifao problem in which comsidemblts iimgroai 
{iitfi Ijseii made in Uie last year or two. /Uthougli we cannot dotor- 
the (MnccnMnition accurately, we can iiseign limits by piinoly 
Iheofoticid d«lutt4on. llio centra) donoity is not less than 6 tunes 
till* iDtuiii density, mid not more Ilian 50 Linioa the mean ilcnsily — so 
that w« know roughly the degree of concinitratioii that we arc up 
acainst. 

Knowing then bow tim mass b* distribtited hi the struoturo we can 
catoulafe the preeaun? at any doptli. Any dvil engineer will loll you 
that that is possihle; so that we know the prcAEuro os well as the den¬ 
sity at iiach point in the interior. Now the density, pressure, and 
temperature are comuectod by a ratalioD caiI<Ml the pjf 

of thr inateriot; if any two of them arc known we can fmd ths third. 
In thU case we know' the |ircaaiire and denaitj and we can Lhurefore 
flnrl tlio tcmpemtiite^whidi is, of course, an extremely important 
thing to Gnd out, in order to realize tbu sori: of coudilions we have to 
deal witli. For all Uie stars except white dwarfs, the ixpmlion of 
state, wdiich eonneots the temporatiiro with tlic pressure and density, 
is the well'ktiou-n equation of u porfact gas. For tho cxtiomoly denso 
matter in white dw'uK stars Lhu oquiitiou is more complicnlod; but 
the thcoretk '111 phyidcist by ins terrestrial studios Ims worked out for 
us tile rw| Hired equation. (Incidentally he has work I'd it out wrong— 
hut titat is liiiutimr etury, and I'll BjMmk oliout the wliitc dwarfs 
later. For tlic present we "will keep to the ordinary stars.) 

ITie intemtd tempcruUires dulernuned in lids way are of iLo unlor 
10 to 20 mlKiou dcgneeii Cenligrado. I laving iiecertidnod Una, we 
licgin tu realize tlie statu of lliings Uiut we have to deal willt. At 
tills temperature oil tho atunin will he highly ioidxinh Light elcniants 
such im oxygen will Ihs si ripped hare Ui tlmiiuaUfua, and hea vy olerfiejilo 
iiuch uBtion and lead anil retain urdy a few of tlia iiuiennost satellite 
clcetrons. 31 III fcat of the dctttrniis will Ik* free. We have Umrefuro 
tu deal witii a population consisting nf free dectr'nis, the slmltcreil 
reinnanto of atoms and ptiotons or quaiito of rndiotiun. Fliutck's law 
detenniiiGs both the amount and kind of rudJnUon present at a given 
teniperiitiiro. At 10 to 20 mil lio n degrees the riulintitin consists of 
ratlmr soft X-rays. 
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Now we t'ttti sec iiiorc or Icses wUni bt lioptieiiiDg }|t to iniliion flt^rrcjs 
in the interior nf the siui. f'lrpwilwl together within n ctihie cetiti- 
motor them ore more thon o qiiaHrillion ntotns, uhout twiqo os many 
free oloetrons oml 20,CflQ tiilJion X-rnye (Tiiitbh reckontngl, TJic 
X-rftys tire irevcUng vciil» tho speoti of ligtit, tind tlio electrons at 

10(000 A fcecoiuh Most of the at4mifi ore hytlFogon utoma or 

mthcr, since they have lost their aulclUtc uIccLrucus, simply protons 
travdiiig At 30*1 nulcs a eewmU, Here imd tlicre there will he heavier 
utniiis such ns inm Itmibenng ulung ut 40 iiiihts n tecnuih T htivc told 
yon the e])iHMU luu] die stnte of congest ion of the rtjud t and 1 will lenve 
yon to imngino the coJibions. Small wonder if the Aterntt arc fennd 
with Utcir pirh of eles-trons htidly lorn or even stiipjnd mikcil. 

The stripped atoms (tn> continually captming free olcctrons and, so 
to speak, repairing Ihcir dress; hut acarcoly has the captured chictron 
act tied when tui X*ruy hoars down on it and oxjjlodes it aw'uy. This Is 
not u funciful pictun*. Tliesc un^ phciiomoua which have liecii (ounil 
happening in die lalmnitoTy’ when we tntn X^ruys of the same wave- 
Icngtii and electrtma of the same speed us in the sun. There is no necil 
to go beyond die limits of lerraBtriiil expcriiment to discover wjiat U 
happening to the pnpiiladon, and all the calculations have ou experi¬ 
mental Inisis. 

Tho atoms and eiectrons uronisfiiug violently liitheraitd diither; hut 
on Uic wfiole they ilo not {^t any forwoitler; gravilnlton pulls diem 
hnch and kceiKf the material of die star in mjiiillhrinm, Hut tho 
X-rays grudinilly leak out ward. They am sithieet to gravitation, it is 
true; hut dieir ve1u<;ity nl ISSihhO miles n second in snlTicicn t for esenpit 
from any star. T t is Jnsl the some os in die theory of fdonetary atmos¬ 
pheres, whore gravitation is sufficient to retain die heavier constituents, 
huT the lightest atoms have suflieient velocity to escape, 't'he planet 
thus loses the lightest gases; and in die same way the star h«(^s for, as 
we Buy, radia tes) [dioto ns o f radhi lion. I dioidd explain th ii I, nl i hough 
diesc photons are X^raya in the interior of the star, dicy un* iniiut' 
formed down to Iniiger iviive length in passing through the lust few 
diousnml kilojtiuiers of c<ijn|ianitively empi mutter} so that it b in the 
form of light and lieut w'oves dint tliey linnlly cscai»c, 

Sfp you may pictiirp a photon of ra«listion, hnrging first, one w iiy, 
then another, like a man in n noting moti -nlasorbed by an aioJii uud 
flung out again in u now dircctton. In tliis w'ay a pholoit in a star 
will wamler aiudosdy round in the interior for a miIIton yt»afs or more 
until, jitst by iiechfent, it llnda itself at. the exit of the rniir^p -shoots 
ihrongli—^iiud iiiakcs^ a liceditie aeripse space the Diikridge reflector, 
where HnifesMir Shafpfey photogrnphH it. 

Having lirst Ascertained tlu- particnlars nlKint the popuhuion dmt 
1 have been dcAcrihing, wc can apply thu Jaws (based on lulxirutory 
experiment) whicli detcmuue the umuuiit of obstruction oflered by 
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etoTiu and rltH'tmtut id X-nijri;, itml so liiid iKtw many 

phuUtns Jntk i)iiT into Mpnri! pur !j4ironLl. 'VVi* tinn rotuparo liib rcAiilL 
aitli ohscrvAtioti—thut rii Ui eay, wi> tun iwii whetliar Tnifiitiftior 
Stiapl&y €»tob<^ os iiiiuiy td Uictn witb hia tc“lestcn(wi oa (ort'orduig to 
oijr c&lcuialioti) ha ought tfl rutch—bi slmrl, ^'hrthcr tlio star is 
AcluoUy tia bright as our onlculutioii makofl it. 

In ihn last fniv years wc tinvo rniuiil a compUes riou in Lhu culculuilou 
which J niusi now explain. At on ourlier stapf wo Lad to oak (h« 
physirisl to supply u ftirniulu giving tlia lomponitun' of a gns whoii Uw 
pnissutv nnti density im* known. Not imraafuninhly he will objeclt 
“You hnvip not given me enough iiiforiiuition, Wlint i> ihc — 
oxygon? iron xapor? mppcury VJipor? or what?” W« cannot s«y. 

Rut on second thouglitN hi' withdraws the objection, “Ne'i'^er 
mind. Ordinarily it would make n big diffcreucci but /it tJm high 
U<nit>ernturns wcarceoneemoij with it mokes piacticatly no diifcrcuce 
wliut clrriiiGiit wi* taka. Tim a turns will bo aLnrjst completely ionized; 
that 13 to say, llidr saldliie eJr/'tni'Uf: will !« nioring ns two particlia. 
We only wont lo know ilu- iivcrtigo weight |icr fren pitrtide. 'PJie 
number of satellite deotronfi ht nn atoin is nmglily half tlie iitoniic 
weight—so tlini wc shall hovo rouglUy 2 units of weight fwr particlo; 
for e.vnmple, nx^'gen of Btoniir wciglit Ifl hreaks up into y particles, 
nauiely ft dec irons and a nucleus; iron of stnmk weight ob breaks up 
inki 27 particles," tJw-ing to tliis remarkable property it hos betai 
]> 0 !isiblo to make consliliuruble progress with Lticory i>f the interior 
of a star without ktionijig what rhcmUca) elemontii it l< eompusoil of. 

Tla«i*> are the physicist’a siM^Oinl thnugbta. Rut on ihiril thoughts 
hr oxclolms, ^^Bothert Tljcre’fl hyilKigen," The rule that. tJii-rc ore 
two units of weight per particle docs not work for hydmgtiti. It has 
atomic weight l and splits up into ii proton and eleetron, so that tho 
average weight jier particio is 't^insiend of 2. That makes u vast 
(lifTerern’o, 

A yiMir i>r two ago the (thyiucLst hn/l fiome olbimiing fourth ihiuights 
nimul tuuttrom; liut neutroiL^i are jibiKtrlml very eo-sily by atomic 
imdei, and 1 think ihoy will have only a irorniitory cxtslencooii the 
sun, na on tlte earth, and never form nn appreciable part of the 
popululi/ui. So we won’t worry iibiml foiirtJi thnugitta, TheorilX of 
the matter is lliat, for the pur|)0»fls of these invesUgniioiLs, there are 
just two kinitg uf mallei', iuiineiy, Ay/hopen and nut-fiydfogf ti-. nydro- 
gen gives a much lower temperature* ilion rutt^hydfaijitii, and therefore 
lower brightness fur a star of the itatiio nuiHs ami radius. Our compari- 
«on of thoory and otnuervaliuii I'ari (Jirrofon* be u’^i^l iti two ways. We 
can caieijiate the brigliUicss of tt slar, ussuiiiing tho miitorial to he 
juA^hyilrtif/tn, comparo it with ohsexTatirin, coiigritlulati* omvrlv^ on 
Lhe [laritiil agreement wo find, nnd pondor over the fiossihhi sources of 
the iJiscropiuictes which remain — oiio poesthio soiinre of iliscrcpanoj' 
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wilJ bo tlio piiesftQce ul n iiroiwrtiim of liydrogt'n. Tho 

oOior way is to ijy vjvrioKB combjjiiitinn* of byilrtigen mid noUbyiltopeii 
uodl wo fiiiiJ Hw ptttiMirUoa W’Li<;)i givis iirecbto ngreimiunt of Uio cal- 
ciilftHstl Bitd observed brigliUiosa. Thst is the raothod wa KenoraJly 
cruploy novimlnyp; ihe brightness of a star talb tis wlim 

pmportfnn of its nisss ironststs of hydrogen* 

Dr. Bengt Striinisrtn foiifnJ in lids way that the sun, CfliMdlrt, urid 
citlier typcAl store oonuiLiti Z% porcunt of hydrogen. Mt own ©stcuk- 
tions aproed precisely. Tlib agpomnriit is Mlhijr speciiillj mterestlng 
becutnie wo adopted dilToraftt onmjKiaition for the mnaintng fi7 per¬ 
cent of Uie maas*. Str5fngnjii iwwi a tnktuwr of railicr light etomems» 
fftmilinrly known as *'I{uesu1!'s hristiirc," heltevcd to agree ttdth the 
compoidtioii nf the otiwsr laycra determinod with tlie npectro$K'oj>e; 1 
used n mixtinv ahoul three timoi! heavier. Our predse ligreement 
conErins what I have nlreedy snitl—that it makes no differcaeo wJmt 
kind of atcllar matoHel you tiesume, so long as it is n^-hy(fr*}gxn. It Ls 
still doubtful to what extent the proimrliun of hydre^ett varies to 
diHereiLt stare; thorp is imnia evidonee iJiat it is greater in ttio most 
massive starei but the evideitco is not very good. An important paper 
pni$aiiced by Prof, iJ« lo the Tcrcentenarj'' Coiifcrenea was 

partly devoted to this ipimtion. 

1 must say a word almut tlio ngreement of thoory' and olworvation, 
^ioce wo dctciminiT tfic profxirticin of livdrogen so ^ make tbs 
observed and caleuliitod btigbineas agree, we nbvtnuaiy cannot daim 
lliat ibe agreeiuant is a confirrnatioji of [,}ip tJioory* Nevertheless it 
does fumiab a fairly eflldent rbtMjk. Urdetw the Uicory were pretty 
near tlio trutli, wc should lind Uml for aiime of iho atnre wbicli we 
trer It would be iniiawfiihJe lo find imy pToportion of hydrogen Omt 
would bring about iigrcemenL It is satisfaettuy, tbemibre, Omt all 
die stare give a reasonable proportion. Tf Striimgrcn bad found, 
instead of 33 percent, on answer u-lucb involved iJic mjuare r<N»f. of 
-1, us miglit c»{«ily liuvn UiijipcnL-d. wo diould hove e*jiJcUnlH Hint 
tliorc w-ns aomcLbuig Caliy tiiamt the tlieory. 

The rcct^tion of white dwarf ^trire witJi dimnity far transcending 
(hot of any tmeatrial inalter b one nf the more spectacular davclofi* 
tnciitft of the vtudy of stelluf conatituldoji. A cubic inch of ibe mat¬ 
ter of Ute compitniiiu of Siriiw weigba alxjut a ran, and soiiio of die 
more recently discovered white dwarfs appear t« Imve higher don- 
flitfau even than that. In order to explain e nea* jioitit whicU hue 
arUen in connection with the theory of ihe^ie stum, I muM go bock 
to past history. In lp2 t ilic muss-luniinosUy rclutifm-tJmi is, the 
Jormuln expreeahig the wwjlt of tfie cujculntion i have boeti dcscrib- 
tbg~'wufi wlirked nut, and, on ettmparing with observation, it turned 
nut tJmt it wire obeyed not only by tlm diffuse giant stars for whidi 
It waa intended but. obio by tbo dwarf stats with dniuudivi greater 
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tliun wfttw lo'r wlijcU it was fii>f intendwi. This wbs a complete sur- 
prido. But llio cspliuiatioQ was not dilGoiUt to find. W« had been 
taking it for pnntcd that Filtilkr matlor would emo to behave ai e. 
perfect ipuj when tho rlenflity npproueUed that of ordinary li<iuids or 
Bolida, Ordinary tvrrciitrlid atoinfl tlicn to Jam t«((Otlior and 

the mutcriflJ Ijocomcs almost incojiipressihlo. Hut in the atuts thfl 
temperature of ID jiiillion degretB moat of the aaielJito ole^ 

Irons to ha toru away from ibo atom, and what b left nf tJno atom i» 
ii tiny structure, 'rbe ft torus or Somh arc so reduced in «ae thnt they 
ftiU iwit jam until denjatioa 100,000 timro Rtrcator are roachwl. For 
iltin rciis^m, dm piirfoot gas state eontinues up to mu^ higher deti- 
dtics ill tluf start Tlio sun (imt otUor douAo smis itteUted on ol^y- 
ing U«c tlicoiy workwl out fur a jurfcct gaa, as they hatl every right 
to do, since their tnatarial wiis perfect gas. 

Tlicrowas, tberaforc, nothing tn provant stellar matter from becom¬ 
ing eonipressed to csccodiiigly high density; imtl it suggested Itself 
Uiat the dousitifsj which had been calculfttwl from observation for 
eertoin stero cidlod white dwiirfa, which hud ueemod impossihiy high, 
might ho getiuine aft4jr all, .... 

In rcttching this eouclustou t wns not wtiliout a certam iiuFgi'ving', 

I was tuiouuy aft to wlial would ullimately Imppixn to these auperdcii^ 
Btoro. The Mot scorned to have got ttsdf into an awkward fix. Uld- 
mutcly its slorc of subatomie cuorisy would i^tvo out auil the star 
w'uulcl ihcB wont to cool down, But could it? The wioniious density 
was made possiltto by tlio liigh tcmiuTuturu W'hich shattared llu! 
atoitis. If the molefial cooled it would presumably revort to UuKS- 
triftl daiitity. But tluit meant that tUo star must e:^aud to say 
5,000 times its present bulk. But the mspansion requires cnen^' 
doing work ugainst gravity; and the star appcariHl to Lava no store 
of rnet^' availabto, What on earth was 1.ho star to do it it was con- 
thiually lo^g honi, t)vit had not mmugU energy Vo get cold I 

The liigb density of the eompimion of Sirius was duly confimod 
by Prohisaor ^bdaius—hut lliia ptiazlc romuined. Shortly afterward 
l^(f. R. 11. Fowl Ilf cornu to t1u< rwwuc in a famous popor, in whir 11 
ho applicii a now rt»iiU in wave moehmiics wliich !md just Iwen die- 
covRitol. U ia a rmiinrkMblL* lUimcidsncc lhat just ot the tiino wlmn 
mutter of tn«wceudntitly great density was dUcovored iu astroiioiiiy* 
iho matheniatioftl pliysidsts wtiro quite indcptmilonily turning utlen* 
lion to llio somo aubjwt. I atippofto that, up to 11124 no out’ had 
g^ron a ocrioua tliotight to nbnomuilly dense rnattorj but iusl when 
it croppcti up in aatronomy it nroppod up in pltysics ^ well. Fowtur 
showed that llio newly discovered Fornii-Dirac Btarisdea saved tlio 
star from the uafortnnalo fnto which I hod ftuueil. 

1 will lyiv a won! or tuvi alKiut Bnibsssor Fowler's oxphuiation. My 
collcugim Fowler nas in Ida youtli a pure mathismatimim, ami 1 am 
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ufriiitl \w Uii5 iievur ruflUy iwrtv«rf'(l fmtu ilus «piiringij)jf. Cnnacf- 
nuc'ntJy, iilthtJiigh his ptipor (’nntflino*! rwissuring equation?, it dirl 
not fU'ni'ly n^vftnl Llii* sujiph' pliysiojd nuxlifitriitinp (if Iduiis whiclv 
wivv^ jiiwhftiiifls brituphf nfiout- llo provttd thnt the stur woufJ 
iTiaiiiLp;ii all nglu. Uiii, ns ,voii may JiiivD infcTreil Profcswr 

lloriJy'a rovclutions, 1 luii uot on c^ctrtims wursluiifKijf of proof. I 
want to know w/iy,' s {mail doe- mil always toil yi^ii thnl. Aft Clerk 
Miixwcll (ifitvtl to HP-li, "Wliftt'ft tJic go Ilf it?’* WftU, in tlii* tlm 
“go of it" WU6 tLiit nlu'D-ns Lhc older lliniry suit] tliiU Hluiijft ounUl 
only 1)0 ioiibuH! Iiy tom permit no tlio new wiivc mooli imios said 

that high tempiTatnrp rras not csscnlioi because tliiiy rotitd rtlijo bo 
ionized by ci'iislitTig them nridor high pit'fisuro. Several writorn tuni- 
hied 10 >t) ItofOR) I ifidt I hat thill wua whiu t'owlor*E railior mystcriouR 
really mcaiit; hut I tMnk tlmi U is still not nt all tronorolly 
known. You BOV liiU allows the star to coni down ajuI still retniii 
its (’nunnouft dcjisity—winch the ohlcr rpmnttini LIiootv did not, 

Not content with Ifttiiifr well atone, physiciftiii Inigiiu t4i improve on 
r<pwl(?i‘'H fomink. *rhay pointvd out that in while riwarf cotidltiona 
tlm clcctrojts would have BpcHjda nppjnnrJiing (he votwity of Ughtj jmd 
tliMc woiiJd be i-erinin relativity effiivts whirii Fowler Imrl neglected, 
Coiiserjncnily Fowler's fonnulii, called tiio ordhuirtj depend racy for* 
muta, cimie to be supersialed by a newer fiininiliij coUod the rr/ofui* 
isife dcgtsueracy luninilu. ,Vll awuiH'd w'vll iiiitU certjiln resoarcheti by 
tTFiiindnisekliHr Uronght inU llm fact Unit the mJsfivhdje romiuhi pijl 
(tie Rtora back in prousely tho siunc dilTiciiIty from iivhii;!) Fowler luid 
retwufid them. Tiio sinidl idiwv iioiiM cool down nil riglit, and end 
Uinir doya lut dark atiiiv in n reasonable way. But above o certain 
crilicnl muss (two or ihree that of tho ami) the star could never 
cool dow'n. but must po on radiuting and conlnicting until Jieavan 
knows n hat licconies of it, Tlnii did not w'orty Chaiidrjia,'kliar; he 
seemed to like ihu stars to buhuvv lb til way, lUlti lH-lieves Unit that b 
wlmt rtudly ij«[ipi‘j)s. But I feJr the sjiniv obieetlona n» 12 yenr? 
I'tirller to llib stclhir ImfbHinpty; at least it was suITiclently strange to 
miiso my awsiiTcion llini (hero tiiust be ftometliing wrong with the 
fihyidcal formula nsed. 

1 CYonuntHl till! foriiiiihi —tile so-ciUh?<i rvhili\-Mlic dttrcucnicy 
foniiufi) iiriil the conclusion I came lo wen Unit it was the rtmiH of a 
combiiniiioii of roJiitivity tlit-oiy wish a muirehKjvbtic (luantmii 
theory, I do not regaj-d the offsjnijip nf nuch n tminji »» Imm in 
laivfiil wedlock, The rehnivistic dopcniTucy foniitdn— tile formula 
riirniiiLly nacij is in fart Ims^ilf^' iindp prrhnfis mthi’r suriirisJugly, 
the hmnulinjorivi'il by u eorrt't'l upplicatioTi of jclii tivity (heory k llio 
orcjipjiry fommla—Fowlor's nriginnl fonimhi wiiicb nvtuy one had 
abonduticd. 1 was not aurprbeil to linil lhai in annoimeing tlicsc 
conelusionii I hud put my foot in n fionict'a [loj^l; uml ] havt< hud the 
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phy^idstd Uiiz^ing tibdiii niy eure—biiti I dun't rliink 1 Imvr lit'tu) 
sUing yet. Anyhow, lur tlid purpos^'^ of tlib liH^turn, I will OLi-iaitine 
thnr I havofiH ilroppcU a hrfek. 

1 Tciiturc to rofor to ii pcrsoiid aspooi ol this invertiigation, flinoo it 
ijliows li«iw cloattly diffGreat branehes of science arn intorlooked, \t 
tliG time w'liGn my fusptoion of ihe rolaLivistit dut^nsmey furriiula 
w'hs roiiMHl by ChandrnpiGkhai*'^ WBulla, il w as very Lucoavpniprif to 
rtiG to spare time to follow it iip« tiMatiso I waa inimuiwc'd in n lung 
investigiitba in n dUfert’Ot finld of tlioiiplit. Tlit.^ work, which (iiul 
ocenpitid me for 0 waa iidtiring tsmiijlctiun and tiicfr rGtnrdnwJ 

only one prohleni, namely, tlm aeruTnto l.lieorntiad nilculutinn of tin* 
cosinieat constant, i]ectli>d to roimd it olT. But tl^n!^e 1 hiitl nornidetcly 
stuck, 1 had, however, eeenred u period of 4 inontlus fri?G from dis* 
tracliotis wIugL 1 iniendwl to dovotc to it—to make a Hiipriaiie etfort, 
an to 6p(nik. But having incautiously begun to iJiiiik about the 
degtinoRiny formtibi I <ioulJ not got away from il. It took up luy 
cintD, The mnntlat alippnd away, and 1 had done nothing with tlio 
ptobtem of the coswnical ronstanf'. Then one ilay in (,tying Ui lc*it 
my degtmcraoy trsidte finm idl points of view, ] found tlmt in one 
limiting ctisc il int<p o cOFmiccl ptohlcia. It' gave a new 

approach to the very' problem w'hicb 1 had bad In put aside—and 
from this now* approach the prublcni was soluble without much diffi- 
otdty, I ciui flee now that it would have hetu^ wry dilBcult to get at 
it in any other w'«y; and it i? most unlikely Uiai I should have made 
any ptoutesa if I lied spent tin* 4 rnontlis on the direct iJjia of altack 
which 1 Iiim! planned. 

The paper which I read to tlu* matlicitiaticul section a few days 
ago,-giving u calculation of the speed of reccssinn of tJie spiral nebulae 
and the number of panicles in the uiiiversi*, had au a»tTonnmical 
origin. It was tint, however, auggeated by consideration of the spiral 
nehulao. It arose out of the study of Llic ciuniianiou of Sirius attd 
otlicr white <lwHrr atam. 

1 mantkinctl Uinl w'eonly groduaUy cfimc in mdijie I hat ionlifarion 
mndd he pnadurnl by high pressure ita well ns by high teiii|iemturif. 
I Think the fir^t man t« state this explicitly w iis D. S. Koihuri, Stitii- 
iiluted hj' fioma work of If, N. Uusscll, Kothnri has made whni I 
think Ls an oxtroiuely iiucresting applicntion. The relation of ionisa¬ 
tion to pressure is a curioua luio, for at low pressures we dccreftso tljc 
jonisuilion by increasing 11 le pres&ure; but the iouizatiott must iiavo a 
tnininium, for at high presaiirca the I’nrmi-Dimc cumplicalion steps 
in and the ioniaatiiUi uUitnnlcly itieR^mscs willi pRwaurt*. No one 
seems to Imvn iKiihercd much nlmut this rwi'iscd iiuiinatuiu law; lliriy 
have hci’D content to rcrognizo, or 1 think mllier to gut*?. Unit in 
w'hitc dwarfs the innizntfnn w'oiild be pretty liigh. Kothari, how*- 


* 
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ever, Ii»» treated itserioii&ly and wnrkwJ out tfta di^et^of ioiiiKiitfon 
in various ronditiona, including eompafaUvcJy fonall massos in irLich 
the pressuro is relatiTcly low and the inuijaitioi) is not very high. He 
has thus obtained fonuulae which he ia able to apply to Iho planets. 

1 turn bow to Ilia subject of autiatomk enorgy w’hich we beliove to 
b<! tho source which maintains a stor'e heat. Tills b r matter on 
which, until ai>oiii 3 years ago, tcrresi riol flapprimimt giiv(* uh no holp 
fit all. Conrlitinns have now diangcd, and pliysic.nt tnbnmtoHee 
throughout the Vi'orid have given thoinsdvifi up to an nrgy of ittom- 
splitting. It is of immense importanco for the future of aalronotiiy 
that n now labomtory teolmiqne rrmbtoo ns to psporinieiit directly on 
the processes of liberation of enorgS’ hy transmutation of atomic 
nuclei, since Lb<sc ore almost ccrtiiiiily the proci^^sis wbicli keep the 
Stars alight Bui at proscul U is luo cmrly to expect naulls lids way, 
The theory of atellur c!on.^titutii>n, whir!]i 1 have been i]escribing, wjis 
Imilt up wdUiuut any lahoralor^* kniiwlotlgci of aubnUmue energy. 
Tlds »'»» poafiible Iwcanse the prohlem «f the soumi of mainte-nanco 
of a star’s hent could he segregated almost completely from tiic rest 
of llie prohictn. By l,.ane'a nietboil we could dotennino iho tcnijierBo 
liiiT—bow much heat there was in tlm etar—witliout apoculating ns 
to how it c&mo to be tlicm; and w'o cieuJtl show that u star st> endowoil 
tnitsr. radiate at tha tuomcni a calaulahlc amount of l»gl»t and heat— 
uithout inquiring liow it managed to go nii radinting it for thouBonds 
of intllioiui of yearn. In short, tiie stnictiiral pmblont could ha sogro- 
gateil from Ihe ovoiutiouary prolikun. 

The only point at which (hesogregntion is not complete is lids; Tho 
concetitmtion of density to ward tho center of n star dupends to some 
e.ctent on how the source moinlainiug the beat Lb diatrihuteil. It 
seems clear from present-day oxporimeiit, os well as front astronomieaJ 
evidence, tluit the libor&tiGU of aubatondc energy Inrrcasca rajildly 
with tomperaiiito; so that we may expect it to occur initiuly in the 
hottest ccntjol part of the star. ITtis has tlm cfTef t of rlimmiahing tho 
concanlmtion of donsiiy to the making it less than in (Jie 

standanl moilel winch haa generally been employoil. Tljis pITmL ia, 
however, limited; because, if the star ovordoes it, convecliuu cutrenla 
are set up, wbicli bring about compensaiion. To doscnlw our pnjwnl 
conduaioii I mttei use technical terms: Tho dcftiuty iliatribulinn tunr 
tho outeide has u fa»Tytropic uidex 3 which graduidly flinitnishiM to 1.5 
at the center, where tliere b e ctmvpctive core. 1 am speaking of 
ordinary aturs ditch jib the bur; but cttriouftjy enough this specification 
of tlie dotiaity diairibution applies also to white ilwarfa—for wliicli it 
hoe long been the ri'oognized model—thaugli in ihe wldtc dwarfs it 
comes almut in qtiite a (lilTcrent way. 

Apart from thia FolincmDnl, the resoarahcB wbidj I have hitJitirki 
deserLbed luts not affected by theories of subatomie energy. But 
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they put iia inft favnmbb pctdiioii tt< learn wnietliing about tlie lawu 
ol jsubatoinic energy. Mitny TiTiill-ktiottH luuat of orgutoout' iiJivc* 
caqvinct'tj iia that iho surt wid sttrrs liave ti Ufodmo fo bo reckojied itt 
tliousiuuls i>r million a of ycaru — wiijch means that o volution E«y 
chnngea uro exiroiuoly slow, oud ibat ilia licui rutliatotl by a atar into 
iqjnceHaliitoHtfianotly liidiuiml Lheboui. Itborute^l from aubiilomto 
sourew m iho inUtrior. So when wo moaaurp lU* TaJiatioti of a stfij, 
we measure tlit: geni’rotinii of suluiUimic ancigy, You sco Llicn that 
the meaaurement of tuiivtilitisisifl energy a just s eoiiinnm ovwyday 
aBtroDomicni measmumpni. 

‘I’o till.* engineer tho releaso of imhaloinic eiieig}' on a practical 
ficjjt' ia, and ftoems likely to remain, ii Utupiftn dream, To the phys* 
icist it wns, until 3 years iipo, u field of nncontrollpd tlicoretjcid 
speculation. To tlvo natronomer it Uaa long been an PTciyday 
plienoriii-non w hielj it wnuld Iw alisunl to dose hb eyes to, 

Unritiit Uien inenaurcd the fate of rolvtise of subatotnic energy in 
ait typos of star#, wo con irorrelnle i t to llin lojniK’rat urca niid dousitic# 
wUch w !■ have fonnd in lire interior. ITiifl more or li.*ss direct lnv&- 
ligatlon of tlin conditioiiH of rolpaac con bo supplomonitHl by a tiio»>* 
roticnl I'vamiiuitjoti of tiie oonditiouB of si ability nf store containing 
Fui'h a sown®—a lino of attflck itiitinted by Prof. O. N. BtieaplL 

If the alar coniructa, Ujo libonttiitti of Rubatomic energy oiubI bo 
stiiriuloted} oiJnirwUiC iJio slar is utistable. We cuunot dedueo 
tuftPOitomicJiHy who 1 her Ujf alimuliia eoines from llie increased. 
tPitipf'rottiir& or tlio increased density; but for sinipUcity we shall 
&iip|K>ac it to bo mainly the temperature. Then fiacli star contracts 
until )te Intocnnl tomiuirolun' niaelies. the ybIup nl wliieb tlio liheratioii 
of jiibaLomie energy is equal to tlio hoot rfleiinted, and tliera it 
quite indefijiitclyt but for a very long period until tlie 
seurcro of awhaiotnic onorgy diow signs of nxhsiistion. The atira 
on till' luiun seHi** apprar to lie tliuee w'hitli linve reached this balance 
and aturk. Now it is one of lhi> n^ulta of our previous investigU-Uona 
tliat Urn atnre of ilm ituiin aeriiSj from ilie niosl niiiAsive to the liglitest, 
luivfl pnvcticully the same internni lemperatiire. We iib« 1 to give 
tlin central temperatnro ns 40 million degrees, but tlio Uguro lias come 
down—partly by Llio recugnttioti of the abiindanoo of Ixydrogrti and 
partly by Lho aut^dluliou of a cotirjiinned model, and the prestml 
iMttiuialc U about Ifi miHioii degrees. Bui whatever it u, it is nettriy 
ihc Riime for all. it nppiuirs, tbereforC', that on the main scrire n 
Bn I all alar wbich requires n siiinll amoiml of energy per gram to 
maintain its radintiou and a iiuivislve star requiring 1,0(10 timro as 
much cju'rgy i»cr gram both have to ihu; to IS million degrees to 
liberate it. Or to put it nnotJicr wuy the liberation must Lnoreftse 
!,a0l> fold ill a rise of temperaiiire srfti'cely !anm enough for us lo 
noliw in our raUicr rouph calculations. 
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Atuitlier result of tlio oxaniiiuirion of the stabilily of n sUir i!^t 
LniportaiU. TIip ruU’ of liboratjou of Aubutoniie ein'rgr niiifil Lniitt'iuw 
sritli tolniJPrttliiri* imt not too /tint; if it iiiirreuhioa ritrire tHifeply thmi it 
I'rrtniti Liittii lJii< stur wiJJ Ik- thrown into [itilsiition. Soiiie -tturt do 
ptdsatc-j nniiirly, Iht- ro])l»'id vimuhlea, but tin' majority do not, 
Pi'rlnti}9 wet may iiib-r tbiil the- actiini Jaw of inrtvaso is protty tit^r 
tht- timiti so tliai the* condUlons of most of tfio stars are on the ono 
-dde piml Liiosi-. of the Cepheids just Itoyond it. Uut there lb a way 
!)>■ wJiich the star can eiseiipo this pulsutory instAbility. Wo buva 
hecti Buppnsiiijr ihat tin- rosponso of the subAiomir energy tJiii 
stimulus of UiinperJilure is inunediati*; if there ia a log—if tlie risiiig 
teni;>iiruturo niimiilnU'B Ltio fornuitioii of tirtjve nutUTiiii whiett enrit^ 
I lie efieigy Jater on in its own gooil titiiL*, or if it starts a rhiun of 
pmccsBCft at whirit tiio aclnal energy lihorntion is the last, then there 
will lift no puUation. A Ing of some dnya nl least is rcfjiiired, Pro¬ 
vided tJiert? U tlih? Iftg, the stars will be stahlo. even though the energy 
liberntinn inereosea very nipsdly with tlie tenipefftturt* -os our 
obscrvatioriul results for the miiih series sUus iniUeute nnd as Ls oIbii 
Indicated by Uiu rccenl foboretory e^-pe^i]IIcnts, 

Tlib* is llie main iiifoniiution nlw lit sub Atomic energy tJinl> we have 
U'anicd from astronomy. I suppoiK' tliAl, taken altogt-llisr, it seema 
1 * meager amount. LJul it» itnpnrtance h cons idem bly cnhanrcd, 
when we h'eall tluil on ainioaf erety point it was rnmplrtely nt 
rarianre with tlie views iben held by pJiysicists. Tlie only form of 
liberation of stibatamie flnergy with wtiich pSiysieists wera then 
iic()uaint(Hl w as rndionctivity—a pmeess indspcudonl of density and 
unaJToctei] by tciitpi'niluro ujileas Uio teitijMtrntntO were far holier 
than 15 million degrees; and they were incilineil to be inlolemntiy 
di-qitiseii toward considering any other prrvcejw, in> mat ter how alrong 
the asttirmomieiil eviilenre might bo. I cannot but think UiiLt. this 
is an insf tinw of the liami done by the writera who give tho impression 
tb«t stellar investiRatinn is a field of loose speoulMlon, Physitia and 
astrophysics aro one subject, following the ftame rules of 'progreas, 
rccogniKijig the same Btandartls of rigorous deduct ion, uiiii utilizing 
tlio siiitiL* eorpufi of iii:euptt*d laiowl«lgi’; tind htihle In the saiiif 
failure.^ throiigli our human Utuitutionn. 

\'iirioiifi atlempta were made to find a loophole for Admitting much 
higher tempemturea in the stam so us to satisfy tho phyaicUt’s objec¬ 
tion to ndmittiiig cneigy lilicnation coniroJIfd by low lenijjerulure; 
for oxafiifile, .leans’s iht'f'ry of eicmeiita of very hlgli atomic weight, 
nnrl Milne's theory of tJie cjiistonce of a cons of whiia dwarf density 
in on! in ary a tats like the auti. We con scarcely say that sudi sug- 
gestionii arii impoisihU' without uttribtiiing to our cjusting kiiowlctlge 
Ilf the lows of physics greater c0iii]jleti!ni‘8fl ihuii we cure to claim. 
But 1 think it can he flnid (irstly tliat Uitsse theories wen- fourul on 
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exnminntion not to fvilfiU what was irutiallj n1nLme<] for iliwn—on 
Uio atrojigtli of which tliey were recoiliiiiefidoO, And fiGcojuUy ii is 
iiot iinfntr to describe Llirin ns u ii.h the physicifit on n niiLtl rr 

m kf Hhich Jjp knew nothing, ut tho cxijcriae of di^ii;rreLdfig with Liitt 
on nnitterH na lo whieli he rlniinrd to know n gfenl ileal, 

^VJl Ihiil. 1™ dmtigrd ruw llml tkvt^ aubaUimlr [itwcsafa have hecn 
atiidiod ill the khoraUsry, 'I'hey are found to coniparativdy 

low^ speeds of [Hiriiclt^p correspondinj^ tn rmipi^nitivdy low 
triupeniiureSi aiich Jis the igl-ellar mYes^tigfltioni^ had mdicatod, Tho 
Rret critlcwrii 1 heard* after thr experiments on dLRint(?^ratioi]i of 
elirtiietits hy protons hail bcfron, \vm tliai 10 million degrees vras (00 
high a temperiUufe for iho sun; ttnd it eoidd no! bo much over 15 
nuUioii di’^rces without blowing up, llnpfiily wo hnd been ht»fore- 
hami; and the reiii^d iLstronnniical cakidiitiniis Inid idmNly lowered 
the Umipemture to n iJoiiiL which mukr^ the sun mfo for po>iefity. 

Kew experiin eniiil dbcovorifte liuirc helper I ut^ to coni+^ to an 
iiuportant. decLiion as to the nature of tlie sutiatomio ontr^ rekesefl 
in the stars. For 15 years we have been hrsii-niitig hot worn two 
fliLonmtive auggestious. The energy iniglu be providoil by elect rons 
ojul prutous imnilillnting one unntber, Llitis seuing frei? the wlinte 
c.(nu^ of iboir conadtiilbji in the fonn of rndtation. Or it migtii; 
he providcNl by Irfliimml-atbui of the elementH. Even in tins iijiplica- 
ticin ii narmiiiii tmo i\mi we need <1ifititigtiieli only fw^i kuul^ of t^tellnr 
mat terp iitimely hyrlrogen and nnt4iydn>gcji; a* thr trunaumtation 
Clin be riiorr preeiftely defined as tite tnmsmiitntinn of hyrirogen into 
iiot-bydrf>]xen. The anniliilotion of a proton by an elcclmn fanre- 
apumi^ to tlie complete diaappcartuice of n bydrogeii iitojn. Tlie 
energy n'lejiscd by Llie tiiLnsuititatluu of & liydxugeM nuun into oUscr 
eieniiuds iaurdy ahoiii Kad of iho eiiergj- wliich would be relcuMid by iu 
enm pi e Lr disap pea ranee, Thuft the imailiiliiiioti liyiMilhosb pnivhlee 
more tJuin HH) liiiH^ its iitueb energy ua (he tfansuiutiition byiioUiiv 
ais; and the po^ible lifetime oi n stnr b corresiioridiugly iiicrra'^d. 

Attempts Ui deride lH'twcv!j the iwsi uliematives by astrotiomictd 
evidence weni iriconeUtdve. fiut recent jirngresa in physics secyns 
to point decideilly to tike tranemiitiktioii hypotUegk: anti ihi* iinuihila- 
tkm hypotlui^iifi fieem& to have becui geiieruliy abatidouod Perbapa 
I ha imwt aerioiii? hhjw ut it w'lis the discovery uf ilw iH^silron by 
Atiflehoin nt Pu^ideriik. T|w? jiodtrutit uut tbe pn^toni is the trun 
rippcdlc of an electron; mid pu^iinr>n.^ and ehK!imii& ifa uunibilatu 
one another. Our lunt for slaughter being thus saiiafii/'d, it would he 
incongnjouiji to hiing in the pn.>toii lis an altejrijitive ngimt; and we 
look on the suppo^ied anniJiiiiition of decirons by protons na a rather 
nusdirected milidpatiun of the real eaneelling. 

ShnulttLtii.musly Lliui vcjy long tinie-iMrale* ivhicb coiresiHiiida lo the 
aimihilatjon hyi^otlii^bp haa h&i uUraeLiveiif^^, Tln^ phenumoruin 
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ol till! of tlic system llie gulasios wLidi our 

iti))vensf‘> MU wrJl tis stiuUcw of th<^ AtjibUity of iudivi<lurtl gfUn a ica, iimlM* 
it fiifEctilt to nedgtt oit ttgn to t)ic stars grcaior Llurt 5,000 luiUum 
years. Tlie rndbtion twiuiwi f*’'' fK-rimt is amply proHJe<l for 
by the traosiniitatioit bypothesis, nml the huiulrcd fold groaioj' 
energy provided by the aiiuiliibitlon byiK>tJiceb would onty be ou 
enilmrriissuuiiit. 

Both kypotbescs were urigiually tbeuretical eiiggtsdoits; but the 
truDstniiiatioii knA^tkesbt eon now elKUn a ddlmto ubscrvatloiml 
basis. Take tlw sun, wbieU we Itavo found to t»o one tbird kyiiregcti 
and two thirds nol-liytlrijgttn- At 15 tnlUbti degrees tbe liyditigen 
is ionissed and its micld—4. a,, the proton^ttre travaUng at Mveriigo 
speeds of 500 miles » socuiid. Wp know Uiat In tlio bilKirnlorj’ pro- 
Utns of tkta speoel attack and enter the nuclei of otfuir elcnicnts—the 
nut-bjdnigen—and bdng about traiismutatlmis in them, We may 
lujpc t-bftt in due tliiiP tlie physidsta will be able to Lnico for ub tlio 
whole sequence of cluingre direut and indirect wideb result, so tbal 
we shall l« abb to lind qttutititalivi'ly the rato of lUflappearsiice of 
free hydrogen under UiooO cotuliUons, luul so find the auiuunt of 
subatomio energy of this kind liheratod in lUo sun. If it is found 
to agree with tbe sun's rate of rodUtion, we Ehnll then have definite 
proof lluit no Ollier soutcl— such as ftnmhiJntion — ia oiwrative. iVe 
are, of course, for from having the nDcesaoiy knowledge nt present, 
it is cnm])UcatetI by tlio fscl that, although the protons enter atomic 
iiuctd juid diaiigt^ the nueliu into new dirmeuts, in irnmy cases Ike 
now nuobus Ijreuks down after a abort time, a proton is eltot out and 
no ppriiianent transmutation resulla. Sudi iiemianont trimiujiutatioti 
09 tB obaerved ooniea wt tkc end of a clnthi of prooesaes of wbiclt tbf 
attadk of tko proton on the nuctcius is lliu fmst, It la intercjttng to 
notice that lLIb woe alrcatly foretold by the oaUronoiuicd Invcstigu* 
tioiui wdilrli, os 1 have eoid, duuuuid a time-Jog l»etw‘ceu a Biimulatlon 
Ilf tlir aetivily of tko prelotia by rise of Icmptwaturo and the ooetC' 
aponditig uirreosc of output of sulintomic eticrg}'. 

1 bavo given you my imprcaslon of I lu* way in wbu-b ihk new kinm']* 
edffo works in with, and so for oe we can swi, agtiHu witlt the ctiatiiig 
iJieory of stellar oonsLilulion, nut, ticcfluse I lay atreas on tlie rough 
cundiisious tbnt con be ikawn in the turmoil of new discovery—Uia 
data Available at presont ore far leo scrappy—but bcemise I want to 
allow Jiow iiitetueiy importonl for natronotoy is the work uf otwii- 
Kptitting now in progrea-s—so that we may bmlv forwiird to great 
dovoioptnents in the future. 


DiSCOVEIlIES FHOM SOLAII ECUl’SlS EXPEDITIONS' 


By e. A- UmniBii, 

OfrttioT, LtandeT hteC^miitt Oturrvalurrii, Umiwrtwiij/ of V'trjfiiw 


IWJlh » 

’ninouglaout !ill ofitft of flio worlil's hhtoryi tbo cominjif of o tofuJ 
odt]UO tho mti Ufii olwaj a btxia rtfiardod willi fuflciBtttinu btcrest. 
Evoa today in aoino less cirUbcil portions of Uip plobo, n dragon b 
biUiovod to t» rltjvoiiiing tlio sun, with tlm iratilt Omt Ih^ monator 
ronst bo swurod iiwny Ly ihb lioatiiig of loin toinii ot must Ins Mppeaaoil 
ty UiD making of saodficili] oJIoriiiga. Tho pnN«iaf-dBy appoa] to 
intaUigont {>flop1n is a twofold ono: firat and forptnoot, on ui^eount of 
t!io spec tabular ciianicter of tiio phononicnon, rfio coining of dartncss 
during Ihu daytiiuOt tind liic nuitel doss boatily of tbo corona, and 
ecoond, nn account of tbo appan'ntly imcanny skill with wbicb tbo 
astrononiDr is able to prmlict bundiods of yoars hi advance tbo oxact 
Lour and minute whon tbo daritraving will take place and tbe location 
nn the carUi's siirfiice ’wbero the plinnomnnon may be obmrviid. 

The mod urn adontific method of investigation, that of cijyerimnata- 
tion, came into vopiuf about the time of tJio IS42 total ccliiiao which 
waagrcctOfl at Milan aiLii sliouta of ^'Long ttro tbn astronomore,'' who 
had pmvidisd ao honutiful a pbcnotuation to please and infercst. the 
populace, The uncxpeciod b(>aiity of coltir and form of the promi¬ 
nences and the corona, coiiplnl with the diacovoo’ of Boily houds, and 
in the year following the djacoTCry of tlie panodlcity of sunvpota, ctoused 
an unpmeedented increase in interrat bx tbo physical const) tutina of 
tbfl sun. If one of out present-dny rnthusiaatJe eclipse astn'mamem 
bad been nlK'O ax that tima and witli long Itfn and unimpaired dgor 
Lad been pnrmittcil to take part in eaub eclipse expedstion from that 
day to this, iiud if be bad bad to take bia avorjigo run of luck with the 
weather, be would have Immux pemiitlcil 1 prceioits hour of GO golden 
miflutoe to i«ctire all of hb obseirationa! mnierial, Among all the 
wondera of modern science, it is wife to state that the cellpso satron* 
omnr eclipses tlie performances of any other scienthd in Uiu wealili of 
information glenncd per hour apwot in seemring tbo obiserTtttioa4, 

t in* ACith AltUtir IN intfidiM ririhn ^lAtUhnntKI jfifllliiUMt ^tbmMTT L Tim 

mithof fitwnfd tmdlk wl*r floUtv n itu ■cfJuiilA^ vf ttit NUloni SiKfA^—tt, 

fCttr ^ hkmJL U» *toit iwpaMuq *1 

111 iTi haIM u nmt tlili Mliim, lUnt it JuKft, tm 
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riiot 4 >|^fi 1 iy WAS miL ^ceosa M tlie ^Upso of 18t)D| and 

by iUi mfiiina it wufi tli5t Uie pfominoticeft lioIoiigcJ to tlio bud. 

The Qnit tTiiiiiipli of Lho at ocJipa^> imii? wus ilio diwavory 

of Indium ISfpft, thoii^lt it wji.s iioi lEohitfril rtn an in art until 
CoroDituu wiiB dbKio?^re<t in 1813&, but OTCn today w« do not know ita 
physiiza] ron^ltJtion. Bcloro iJns of 1870, Young foretold a 

Buddcn change in appenmnee of tho fipflCtmrn of th^ nun at. thii 
time of the beginning <if totalityp from dart Unt-^ on n bright baok- 
ground Lo the €Liddeii nu.3liing out of bright lines on a darii background- 
dip wiira lliD fin^t oyo& to see lite spoctruni of tiie clirtmiospbare callod 
by hmi the ^'doAb st^iactruni” whidi waa fit$l photograpJjeJ but very 
imperfectly af. tilt' eclipse of Wilb butter iuni i>otter [ihoto- 

grapliic phit«S| cueli aclipflo,^ eftpeditlly since IDOO^ has (M^on ayaiditonalj 
ob^erred, distances nway from honie and difficulty of acci4^44 lieiug no 
iiisurmountable ob«Tiaclce to the edipse observer, (feo of tlie moni 
s;>cctaciiliir discoveries from ocU]k<s camo in lOlfi mil% the verification 
of the rclutivily shift aa predicted by EinsiciiL Socceodiag ecUpso^ 
gave it more complete vorilicalion. In the following pages will t>c 
given a more de Lai led account of the chief discoveries from the most 
rpccnt of eclipse olvscin'atiions. 

Th^'Fc are many difToFEut kimla of cdipseii: Edip^s of the stin and 
mixm, cdipscs of a star by tho mufm, cciipsss of Jiipiter'is and Ralum'g 
satclUleSp and of one star hj another of a binary syistem. 

OlKscrvatioji^i of cclipaing binaricE^ have given valiiuhic inlnmvntion 
regarding the ntofit^cs and deiisillca of stars—but fur luck of space 
the subject cannuL bo troalod here. 

The accuracy willi which tho \lmn^ of solar imd tunur cdipfios can 
Ih) predicted flc[icni!s on llie reliability of tlic work of iistrouoincrs of 
all Jigcrt, and thti niiuinci in which tlm torch of learning han bean tmndud 
on fniiii one generatioti to ilie next. Tlie motion of tlic earth nimiit 
tlio aim is mw known with u vi'ry high degree- of accuracy. In apito 
of i.lm refined researches on the motions of the moon, the place in tho 
sky of our unruly ueiglibtjr h yet not know'ti with a sulDcient degree of 
pret'i^ifjn- To I dm of the moon are tised for calculating th& place of 
the moon tn Ihe imuricaJ dmatmes prepared liy dirterorit aationid 
govemnienia eonio Z yenra in advance. For thi!5o alnmnnc positions 
it ifl deahrildc to kcop l.he ibeory of the nmon aa free as txisdble from 
arbitrary enipiricLil tenru? so timt Ihe lunar theory may not be cluttered 
up. WTieji observations nire Bccurecl, the resnSCa can bo compartnl 
diraclly rvitii i.hooiy. Be I ween the tbeoretic^Ll position of the moon 
given by tlie almanac and the observed place Lhore nmy be a difTetcnce 
rtf flcvcnil Bcconds of iirc. 

For long-^range predjctiuiL>{ of lunar or solar ocljpoca the siniplcsl 
riiclhoH ia to ref or to f.>p|>ol7?eria fhmyu iUr Finfsfrrniit^ where ere 
givra the dements of all tl^e cdijisoa (3,00(1 solar and 5,S00 lunar) 
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bcLwc^u UiQ duita i^OS D. C. aiid A. D. Lugutlii'f tdiurtii of 
the eaitb eliowiog tliu lurntions wbcitr tottJ ami aniuilar solar adipees 
may be observe<L Op}>ti1^r^y predlctiDna berumi; possible on account 
of the facti tlml Llii* moon repeatedly takes nearly the same positioa 
in tbe eky wttb reference to tbe sun and carLh as U shown by the 
follawin^ values: 

titt* 

19Mllpwyeiifs--- 6iCSS,TW)(i 

223 synodra awntlu.... ,, 6,5S5,3211 

242 rwnliaal niontlu__________ f),oS6.3ST7 

330 Mt)OiuA]i«tle trrontha. * *._____ G.SSll. r*37-l 

Mortj timri 2,000 years tnp> it Wois known to Uippi^blJS fJmt the 
moon's node was not B^od. NinuUHUi rnturns of liie sun to ibe tiudo 
or 242 of U:r moon tokei plueo in 0^5FI5 diijs, on interval of Uitte known 
to tho Chaldeans as iLe Soros (meaning repetition"), whieh is 
0(1 uivalent to IS years 11 days ot 18 ycats 10 days dopuiidiiig nn 
wiiothrr 4 or 5 leap yeara intervene- The author oliservod tils first 
total Bolar eclipse in Qoorgia on May 28, 1000. In lOlS lio had to 
travel wcatw'ord to Oregon to ohaorv'o ilie oclipso of Junu S, The 
follo\rir 4 j eclipse in tbs Soitia oeaurred oti dune 10, 1030, ami was 
observed in Soviet Iltissia mid in Japan. The rliart on plate 3 
shows 44 tolul edijJSt'a in the fiorii'S which includo; the eclijiue nf 
August 31, 1932, This soriea in A, D. 1211 began near the earth's 
South Pole end the oeliiioo Lraeks will pnes off tin? cartli near tJic 
North Polo in the year 198o, so Ltmt for 77S years this ccdlpsc has 
been rapenting iUclf again and again after the lapse of t1i« Snros 
iutcrval. Tbroo times this interval is 54 years and 1 xnontb, am] 
it is soon from the clintl that tlnj ccUpao track U fairly pimUlid lo lini 
one 54 years enrUor but fariher uortln In such u auries of solar ciilipscs 
there are botwoun flS and 7S repetitions, depetirling on dri'innstanr-ea, 
natending over some 1,200 years, lii each series ibrro are approsi"* 
inaloly 25 partial and 45 central eclipses. Th(sso numbers vary for 
difTcriiul series. Of the central eclipses, total odi^tscs follow total 
efilipses with about Lho samo dunitiou of totality and imnnlar eclljfscs 
follow annular eclipses. If erli])?es take place at the nuion's descend' 
LDg node, the ceil (we tracks como on the cur Lb at the South Pole iiml 
move north, wherena if oelijieeg uccnr at tlio ascending node the 
eclipse tracks start at tire Korlh Pole and move soutliwiud. 

AoeordtJig to Oppolzer, tliore are on tho average 237,5 solar eclipses 
in a century, or nniro tiian 2 solar eclipses per year, llirre an* 83.8 
partial, 77.3 annular, 10,5 annular and total (tlio vertex of the nvoon's 
shadow just reaching the earth), and flS.O total aoliir (aiUiises- On 
the average, therefore, two total eclipses oin viaibk* in 3 yeats. Thu 
chart showLig the series including the 1932 ccfifiw shows tlmt the 
auceoeding oclipees are diffienll of access and therefore will jirolMibly 
pass unobserved, benee a total solar eclipse is actually nbeerveil about 
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onw i?voty otliBf yflwr, lit tlie y<M*« lOQO-38, Imvc 

(ittAinptiMi oUeervlitiuus on iS flepamt<p (Ellipses. 

in a thii'd of n Cfrntur; iliera were fivw loUrl olKHjrved iu 

Lho DnTtfnl Stfttos, those of the ywtrs ItKHl, lOtSi I023p wni 1932; 
hut ui iho coroing half-oontmy only llw two oclip«!!i of 1903 nod 1970 
con bring wioiitific tcsulta of vnlnop tliongk two other edipseo io 1945 
and 1054 wHl beglu at sunriiio about on tlic Conadinn border. Hence, 
tho iirescjil ftsocratioti of Amuiican ecUpaa obsorvetB ranat Ttiake 
long trips from home if Iho scienliftc roputatbn of the country is to 
ba tunltitaUmd, 

Tho total nuinbor of ticIipaeSi solar atnl lunar, partial anti total, 
tiiat may oticnr in I calendar year varitsa from a minimum of two to 
a maximirnt of eoveii, Tim number of eolar eoIipsiOB in a yaur varies 
from two to Gvo, Tn the yeara 1922, 1928, 19^, 1033, 1940, 1044, 
lOpI, and 1002 there aro two ocltpscs otily. bot>h of tho auu. In 1935 
llutrc wore two luitiu and Gvo sular oolipisea, a oombination lliat will 
liot take place again iinlil Iho year 2435. Iu J9S2, there wtU be three 
total Iniiar eeltpaea and four partial aolar eolipses. 

Taking the cortlj na a whule, titerc are more solar edtpaes than 
lunar in tbo ratio of 4 to 3. It Una been ealculated dint on die average 
a total oclipee of the sun a locality once everj' 3fi0 yeaia. The 
nuudujum duration of ioUlity at a solar oclipso ia 7 nsiniiloa 30 
Siicouda. On Juno S. 1037, totality will lust 7 minutes 4 seconds. 
Tlio wtlipee may ho observed from a fow' am all ialauda iu the I'liocnix 
group ahovit S o'cha k in Ihn nuiming when totalily wUl lost a litiio 
mote than 4 ininutca. Tlijrty-fivft miuiiton licfore sunset the ediiiae 
will reach Peru, whore diitution ie3 minutoa 20ei!Ci}ntia, and lui altitude 
of the sun of only 3'* will make sctcutUic ol>aer\’nlioii]i dltEcuU, 

Tho inhahiUint {wid wo balic>rc Ihero ore none) on Jupiter or datura 
ivmdil ha%’e frequent opjiortunitiea to obserro total eclipses, both of 
die still and of the luooiia. If our own fair Luna worn 25,009 miles 
fardier off from lhi> enrtii, or If lie diameter went 10 percent eiuuJJer 
there would never be a total iwlar L>dl|tae. Wliai a dieazy old world 
this would be, eeperiolly fur poctu and lovers, if the imitU rosctubhal 
Venus in Im^'ing no tnoonl 

TIMES iiV CONTACTS 

The poailion of tiio uiooo is furnished futtu tbo Uinea of contact of 
tho b»«liii uf the find and moon, 'ilio tinio of firat contact, or die 
beginning uf the eclipse, Is dillicuJL to observe viauully with Bocumey, 
flinco nothing is Ui l>u inien ut the edge of tiio sun until Llm moon is 
projected on ihn eun'fl fBce-'aiui tireteooUiet has aetualty tnkou place. 
Foniib contact, tbu cud of the eclipso, ia sa«er to observe, since tlm 
moon may be followed in a toliwcope of luw power until it tuaVM die 
face of the atm. Second and ttiird oontocta, bogiutiing and cutling 
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of totality, can bt* detcrniincJ viitli graau*r ncourooy. Qy mf*!irifi at 
pbotognipliH takfiU tliruu^aut llte parlliU ««UpiSc, liotJi Irisfon- aii<l 
iiXtcr toUility, ibo tolulive positions of tbo nail nioon can bo 
(letonuincd TriUii tv murii gtvutor ttc«iiTVoy thno voo ho obtoinHl 
visuiilly, Olid ta addition mntiy moro obtiarvatiotut aro avaitabln than 
liie four times of contact. 

At tLe cclipso of LtK)5, totality come ahead of itio predicted ttiiio 
by 30 seconds, in 1013 by 13 sotionds, and in 1032 by 10 socoods. 
For gliding tiie work of tlio oclipsa ftsteonomor, it is now deemuj 
doairablo to know the Limes of beginning and ending of a toUd solar 
ecUpsu mliiin an error of a few soeonds. Accordingly, it has lieonme 
customary in recent years to securo from Waslungton or Greenwich, 
a iitonllk or more before the orlipse takes place, corrcclinns to the 
almanac positauns nf tiie uiogu. 

On ftcctMinli of the diOicuky of seeing the moon when near tbo time 
of now moon, tbero is ordinarily a gap in the regular lunar nkserva* 
tions, whether these aro mado by occuUaiions or by meridian cirole. 
An intense interest was orousod tii tbo United States by Ltio lutal 
ocU)tS(t of Januaty 24, 1025, which was visllde lo altnost imc^teuth of 
Lho total populalion of the country. From large nuiiiljcts of careful 
observations it was hoped tJmt it might bo possible to obtain a vary 
high degree nf accuracy and Uine ponnit u coiiipariBon of flifTerBnt 
inothoils of observation in order to detect any syatematio orrotB 
peculiar to any ono tnotlioii. Fop prudtotirig the aclipso it was necea^ 
saiy to add a correction of 7/^0 to the mean longitude of the muun 
as given in the Anuiricmi Kphemoris, The tifnea of second contact 
by skilled obeerveta with every facility for oblaining imcurate pom- 
lions of their stations and aocuraio time ngnals on cclipsf) day dUTcred 
from locality to toeaUiy by over 4 aeconds, and the duration uf Intality 
bad a range of A secomls, variations in fact much larger Uuui wore 
expected. Hawover, k must not be forgotten that Uie outline of the 
moon departs greatly from a perfect circle and that the timo of the 
beguming and ending of a total solar eclipse ilepends very largely on 
tbo character uf tiie lurmr surface at the point of contact, Lho hogtu- 
ning of i.bo total eoUpso not taking place until Urn last ihuiy btwd lias 
diaappoared. The compuriison of the diJferont mctliods eliows that 
Ilia laediluin observations of die moon difTered widely among them- 
eelves. Occultations ajid eclipse results agrcod with each other 
uitlitn their ptobabEo errom, but tlicra wciii; aysteiiuitic dUferencos 
from the meridian observations. To obtain greater accuracy, ohsei- 
vutioiiB must be contitiiied nt each succoodiiig 0 Qlj|»e. 'riinca fur¬ 
nished by observations of t^dipscs ^vc information not only about 
the motioii of tha moon but uUo about tins time uf diurnal loution 
of lliD earth on its axb, with tlic reeuU that an observation of an 
eclipse of Ute nun made 3,000 yean ago lias on imjKiriani bearirig on 
recent leiiued reaearchee un liic motion of the moon. 
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TKE CORONA 

TJio lotfll uf tLo c^orona Is rougliiy oup^mQUfmtlt that nf tlic 
iiuonday sun or onc-hiilf Utal oF tlio full rnoou. The MHiiijig- « 
totsl Rclipsc, itiuiiciilarly ilip Usl fuw secotuls tin? 

oti^lfing sLaiigw of tliH itifwa coiuing from tlio west, rhe siulijcn 
coming of dorkni^ and Ilian tlu' gnrgcott^ corona make a nover-to- 
bc*forgotteii spec Facia, still furtJior rrihtuiced by tbe licauc^ of tlio 
rosy red proniitiancits. Rpgarding the 1925 cclipsa, tlis New York 
iicwspuprr folk state that no phcnoiiienou of modern life JiiuJ so 
mfljiy words writ ton per unit of durutlon of Uio event tlmt fiiirticit- 
lar eclipse. 

The corona may l)o pimtograplKHJ hy oanuTHs large or suiftlJ, fust 
or slow. In apite of tlie excellent qiinlittcd of modern photographic 
leoimtcjiw, tl is still unpiuiisiblc to get an Ade^iimte pliotcgraph that 
wiJ) reptx'scnt nil the details of the coiuna tlnu im< rendily visible to 
tho naked eye. Tha inuer ruitina is very hrilliant, ivhilc the outlying 
iwrtlotis of llio coronal sireatners fade tdT gnohjidly to nulhingudsa. 
From the lofty ptrcli of Hko’s Pwik in lS7k the eoniun w»s ilctected 
to 12 iliiimetcrs from LUe sun’s edge, a dialance of over ttt niiliion 
milts. ,\n exptfflitrc long fjrnnjgh to jKirtray the faint onUyingitnytmcfs 
will Imvc the inner eoioua tjntte huiut in it Umnjgh ovrrcxpoinire. 

Willi eatoenu of grea) Jciigth it is neceasaiy to I'ouiiternct hy 
mijchiunrai means tlie diottm] motion. This nitty bo tloiio by tooun ting 
Uic telescope horiKontally and then using o coolostot mirror or by 
pointing tlio object gbias directly to the sun by moan>i of erecting it 
lower, in l&OO the Sjuitligoiimn lustitntuni uscti n emuera of 135 
feet focus, slid its great leiigtli recjiiirotl it to be aminged lmri 7 r>ntally. 
IJnfortiituitely, llin heat of the aim may warp the piano inirror of the 
ciiolostiit and spoil lIm' fociis, rhe result him been that in recent voarsi 
whoii exact defiuitjnn is desired, it U obtaineid by a caTiicrii {minted 
direotiy at the sun. For niodemro focal teogihs up to almut 15 fw't 
this may he obruiiii>fl by mounting on n p>lar mis, but for greater 
longths llie tower toloscope is uece^^sury with tlio diiiriiiil motion 
counter acted b,v a luotiou of the photograjdiic plate. The SwanJimori; 
aslronoutora have ijlifainnd cxqiiUite definition with fixtnl longUis of 
C.3 anil fiS h^et. Iu|iialJy good deJiiiitjoii iimy bo securod wiili emur-rue 
of 15 feet focus ttiounlcd on a jiolnr axis. The <iuestion is wliother it 
is more destrahlG to photograph on the simdlcr scale oml Lheo enhirge 
four times if tlm greater scalo is ncoded or to obtain scale without 
eiilanpiment by the greater foeui length. As for tlio (inal ilcfmitiori 
of rhe Jarge-scalo pIjotogropLs, Liiore is litUo to choose belween the 
two meUioda, Tlic individual astronomer must decide the {irublont 
for liimAclf. ilepaiiding on a number of factors, chief among winch ta 
the (M|iiipjitenl he owns and Uio oxjierienco ho has had. Tiieii ho must 
dccido whothi'r it is itipre convenient nnd chGa{>er to lake from homo 
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tho complotu polar axis atid itiountjng for tLo sliortcr fiX'nJ h>ngt]i or 
take tho |>lat4!} lioliJera lunl lUo clorjc woc^htmiaiM for laovtug tliv plnte 
and tiien biiilcl the touep fnim inaiciijdfi ihal luny bo foiuifl locally. 

It iu iotcroating’ to noto thiiL at eclipse oxpodiiioriB success has 
idways lieen gfenlcr in Uio direci photography of thp conm* llion 
in any other briuiclt of die in%‘est!^tiuna. Tlie solf-oviflent iwiaon 
t$ that every tviill><rqnipped ospedidon, no matter wimt their otiior 
programs, attempts to photograph the corona luid ttsitully aith several 
cameras. However, there ts another reason tiut so apparent, which 
is lihat perfoctlon of focus and seeing, although ileiUrahIa, are not 
abaoltUcIy eseeiilJiil hi obtaining succoi^fnl pliotograplis of coronol 
details. A lack of perfect focus plays havoc with s]teoiro 9 eupic 
photograpint but detracts little from tlie corvma for lha reason that it$ 
siructiire is ncHttlous or filmy tn detail. However, no astmnojiior a’ill 
be aatisfied with unytiling shetrt of absolute perfection in tlio detar» 
intnation of tlin best focus. 

THE SHAPE OF THE COROhM 

gctientl form of the roronn ran he fireiJicted in advance of tho 
evlipso. Near sunsjiol nitnimtun nr» fouml the extended streamera 
along the eim'e cqiiultir and the short phiindike polar bniahcs, wlicrooa 
near times of spot maxima tho corona is nearly eirculoriu shape, Unis 
rcscmblii^ a gigantic (hdilia. I’ortijnnicly, photograpli* of all scoJes 

tho small eaii las utilizod to dctomiim* tJie coronal sha)>o b)' a 
very sitiipio tyjie of nwasurwticui daviscti by Ludendoril, of i’otwlain. 
In the author’s Mipse* of the Sun, ISI35 V«lition, page 6fW, a chart 
giviw all iho eclipses aUtev 1S93 success fully oliservcd (but not in* 
eiudiiig 1936). I’litf aurpriahig fact w Uiai tlio most elongaietl type 
of eoroua dt»cs not take place exactly at sunspot niiiumum, or at 
plunge aero of the cuni'e. i\s thi? biterviJ from maximum lo maxU 
miira is M yeiiis, it' is scon from iJio chart Uiat 2 yearn i»r tuoro befuro 
sjwt niinfiiiuiii tho coromi is qtiite as olliplicnJ oa at jtero fihnse. 
IJio most pronomicod elliptiidty lakes place I yean; before tuinimum 
of spois, and Itkewiso the corona closest in dtapo to a eimle tokes 
phicc 1K yearn befont s|iol iiiaximum. The recent eclipse of 1932 took 
place 1.2 years before ajiot minima and yot its sbaps placed it at tho 
bigheet point of the curve. The succcetlhig eclipse of 103-I was 
only 0.2 yeans nfter spot minimum but instead of having a proiuiuncod 
cllipticity the ixirona hail lost its lumhtium typo cluiraoicristica. 
The 1930 corona 2.4 ycare after minimunt spota, in idtnpc resembling 
an irregular rivo*)>oinl«d stor, hatl lust all of ttie minimuin features 
t'Acejn iho bruelioa ni one pole. Although about I year alumd of 
the iinvliclcd sjjol nKixinniiit, tJio enmna of 193“ will be more nearly 
circiiliir than thnt of I93f» and will be tlu) typical BiiTupot maximum 
ec1i|Mu«, 
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AJiLoii^i liio elinpcs of liio t^onmo. nt siioc-itimimiiiti nl] twoniblo 
fucli ollix'f in (tnying Join; efiuAtoriAl slivmrjare and pnanounc^d polar 
hmolxn;, yei ondi rotonn has its own diflUnotivei features with the 
rciuilt (list one coratin roitid noA'Or bo niisinken for (uinthor. In tlie 
cimilur coronaa correajwilding to muriTuum of ejwta tiie atminera 
fhoot. out St rnrious iinglos dilToriDg in each eclipse, We are, tliorefore, 
forced to the eonrhieiori that changes are contrnimUy froLng on within 
the roronu. Beginning in tSSO, attempts have been mode ropoatally 
to tnenstire these eltnng<£. It ia evident ihat fjjo tEtentr)- the interval 
of time bet wcoa the photographs to he eomparod at two slationa tlic 
lii^ior will he Uic accuracy, A spjrndid opixirtnnity wtu 5 pirsented 
in Iddtr when tlic rJck Obaorvatoty' eetahlij-hcd (liree stnliotur, eocit 
wdth a camera of 4IKfDOt focus, one tn tjahrador, one in Spniti, 
one in Bgj'pf- T-^ufortunately for tho success of the echomo, it 
was totally cloudy in Ijnhmdoi, there were tldn clouds in 8pain, 
and. allhniig)i drnr in ICgypt, the definition of Uic photograplui was 
poor. At tho Amorienn eclipse of itllS, from a comparison of 
Ijtfk and Swonhruore pboiagraphs, it seemed likely that motiona of 
UiG on] OF of 10 miles per second were found in the coronal arches orcr- 
topping prominencpfl. However, «l the cclipiw of 192(1, n rtimporiaon 
of photographs lUBile in Kttst Africa and Sumiitrn rcvcalcil thiilj if ths 
rnmnal dour's moved at nU, tho velocities were probably not greater 
than I mile per eeeond. 

Much vnluahlc information rcgortling coroiiiil ilifiLurhanco waa ob¬ 
tained on Niutifoou lElsnd in 1930. 'i'lii.H was iho flrat llino in I he 
iiifltory of erJjpgcsa liint so much dctuilcd siruetiirc waa visible in tlic 
spectral lin« of the corona, tliis Blnjcturo bn'mg nmde poaaibli* by tiie 
fine dcfinitioir of the grating spectra taken without silt, A comparison 
of all the 1930 afwrlrogninia, hut more porticuhirly the // and K lines, 
reveals the interesting fuel that Z yeara after sunspot ntiudmiim the 
sun was in a condition of great activity on the day of the eclipse, 
Tlie coronal ringa of thospectre and the direct pLotogrepLs token with 
tho 03-foot tower telescope ahotv prominancca eojupletoty cuollng the 
sun- Compar»ona were also made witli spoetrolifsliogninis on 4 
sueccfisivo days, taken «t Mount Wilson or Kodtilkanal. The 
superb dclinition of llie odijioo photogrephs showed both the promi- 
neucM and itmur coroTis in great beauty. 

A eoiiipnruon of all Uio r>bcitogrephs, the 8 iK!ctjioholiogmni 9 with 
tlto odipss plates both direct tmd spisetrographio. showed t hat tho great 
activity of tho aun wos found not only at iwljpBc limo but pondsled 
IhrougJjout the whoto pojitid of 4 days covered by the plates. The 
direct photographs and the ecUpre spi-ctm show that lIh* whole wuf h- 
Cftst ipisdnirit woa a tremotirloualy atorniy re^on on the sun. The 
center of the longest eoronnl streamer was situs tod 3(J* to iho ciiet nf 
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lliu wilth point of LLo eiin. l)i tort wining t]jo ooruua] ainmiuors was 
a beautiful sOTioa of coroninl donioa connoctcd: wiib sn ttsctondod promi- 
nouco group. Grentor Lcigbta worn uttabu'd by anutlier group of 
pronunonco3, nt position nnglu US®, ilio jocJition of a ootiiiptruou^ 
feature nailed iko "stfawboiry ciouuj/’ with jta niafniificwnt ftreltca and 
ddiciite structure of flkmenlous dotnila. On plate i, dm wings poar 
llus particular dome arc given for comparison; at A from tlio A' unrt 
Z/« lima of ibo s[ie>ctra of tiie rfiromosplicro, at JJ tlinjo dmuingu of 
tho same n^on froui llie direct pbotograplis and from tUo lioea 5303 
and 6374 of ooronimn, reapocUvoly. At Con the western edge of tbo 
siin^ Uic details in the gmii coional Uuo at 63U3 nault in furrmt 
eimilar to the coconut palma that grow so profusely on 'Tin*Can" 
Island. 

For mimy yeare eclipse obscrveiB have ouHtid Ltlejitiou to ti*o con- 
noctioQ between coroiml atrcnuiars mid piomincnces. This dopond- 
cnco wag abundantly verified in lD30j but tbk oclifise demonslrates the 
fact Lhet the longest corunnl atroamere^ ou wbicb t!io shape of the 
corona more or Jess depends^ aru always located near prominences but 
are not tiecofisarily exactly connected with ibo pmiuini'ncoa which at 
thfl time of tho odipsc are of ILn - greaLost L-aight. 

PllOTOOHAPHtWO TaU COKOtfA OttTSIIiE OF AN ECr.TPSE 

In 1882, when a bright comot was scon duae to tlic cdipatid auij, 
atumipts weno etarlod to pboUigraph tlio corona without wailing for 
an edipso. A docade later, Um spectToLdiogiapb was doTcloped, and 
proiuinencea wore readily pliotogropbed in full sunshine with tho 
result that attempta were renewed on the corona. In order ibai tho 
glare of the earth's atmosphero bo reduced aa much as posshlo, 
mountain tops like Piko'a Peak or Mount Etna wore occupied. Ko 
success whatOYer bouig nhlained, o aeries of attempts were made by 
boat'mcaauring iuatruruents liko bulometeriE) or photnolectric evils. 
EiicL and every one of tbc plans, at thucs carried out with groat skill 
and log^^uity, reaultod over and over again always in ibo saiiio mun- 
foiJuro to plioiograpb the corona. Tho lucasuree mode by 
Ablmt in tOOS and by many others sinco then have abowu the caeso 
of the^ failureSj namely, the intriiiBic feobjenc&'i of Lho cororud light. 
Evon in ft8 hrighteat parts, tins inner corona b no brighter itmti tho 
surfnCO of tho full njca>n. *1110 corona k about equal to Llin intensity 
of tho illuminated aky at 8* or 10* away front the atiii's (dgo. 

In 1030 and in later ycore f.yot of tho Maiidoa Observatory Koa 
had hrllhaut eueccssea wLero others hod repeated failures. Ilia great 
triuDspb reanltod horn tliu iogotuous arnnigeincnt of bis telescopo to 
reduce to a nLinitnum tlie am mint of scattered light iusido the ingtru- 
oicnt. A mountain observatory oa iha Pic dti Midi (D,H)0 fvet) timl 
at timro vary tronaparciii skies pmuilhaii photograph* when tho 
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scattered sky W'lVs loss flmti live-milliontJit? liuii uf tlio suit. 

Lyot not only wits abto la phoU^mpli Lite kriglikr ptirU of Uni inner 
coroim but by Ibe use of a siH'ctnrgrfljih Uo dolennim.’il Itio w«vu 
Jcngtlifl of iimuy corminl linos int-ludin^ threo lines in tlie iiifrared not 
yet observed i» cclijises. 

Tirij tilCniT OF Till: COKOKA 

Our knowledge regarding tUa dottributiou of light tvirliin tlia eorottu 
is in a vciy unantisractonk’ sinto tdncit iJu; kw of in tensity luns licrn 
found by vtirioua observers to lu* ittversoiy us tin* sreonil fourth, 
sixlli, sc von 111 , eightli, umi powais aneit ns 2,3 or 2.>i, of die dLstmiro 
mosHurvil eiilier from the canter or from the edge of Ute sun. It io 
of great imtHirtonce ilnil ii wetl-devisotl form of apjjrtmtiis lie cun- 
structoil for nae ut ecIii»Bos, nnd that photogniphs he ‘ioc.im-d both in the 
violet and visual regions on a carefoUy prepurad pinn at wvanil fiiLuro 
CidipstsB. TIio eclipse photograplis should liavo culibrutail fiquiires 
impressed on Uiuiti from a sEiuidard goiirt-i*^ und if in uddttion pliolo- 
gruplia of the hdl monti wore obtiiinad, we ^huiild thou lie in ii position 
of having inforiuation additioiiiil to limt ncrpiired durtog the progress 
of tJia edipae. Wo necij to know whiiLhar the distrihutiun of light 
within ilia corona follows I ha same law at every eciiinre, or whether 
this Jaw vnrictt according to i he sunspot period, imd wo nm! (o know' 
the law both in tho tdiio and the yclloW' iTgions. Many coronas have 
boeii observed Uiroiigh clouds or liiize or with vnryttig conditions of 
transparency. The uicoiistty of tire sUver deposit imiusurcfl on the 
photographs is u sumnintion of two Aeparalc I'EiKitn, one due to the 
corutin itaolf. tlio other to the dilfttse ligltt of the sky. Added to these, 
llicre U in reality u Udrd eJTect found olc»t)« to tlie inoiiii'a limb, a halo 
cmised by tvflccttoD from the gtai^hlo of (he plate of the sirong 
lihitninutinn of tlie inner corona. Unfortunately, it has not hccti 
imssiblc to make proper idiowonciis for thcao vinyiii|r factors, with the 
restdi that otiscrvatioiis are nfmctctl by loign syslciuaiic errors. 

In considering the iiieasureiiuuita nuidu for determining ilia total 
light of Llio corona, (Jicro are muilar cvitlciicca of l&igo systcitmtic 
errors dejmidiug on Irmtspon'iicy coridilioiH at the time of th« i-clipao. 
A few oxamphvi may lx* given to show the wide divergent n^suIUi 
uhtaiuecl at the sbiiiv erlir»se by ritfrnrrnt (nothods luitl at diff erent 
edir» 0 «s by I be aotue methods and in.st.runmnbi. Harvard <)l)«orva« 
tory drviserl n phologrnpldc jdiotoineter wlibb Ims been used siiict* 
tho I 02 d eclipse. Vunoita typos of illunnnaijou inctcis are uhio used 
viflually which con funilsh u mwisure of Ihc PKnl ilhiminntiori of 
corona plus diffused aky Ugiit, Mi^uatireM made with Uie rihi‘««- 
graphic photoiHcteiw iit tJie ceJhaW of |y2rr am] 1020 tfcwnml to show 
the corona 4(J percent, luighh'r in n>2h Ilian in tlie year previoiw. 
Visual work witli the illununution meter iii 1926 gave fl.24 foot- 
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ciuidIo4ii& lltP n!sijll;i(i ! 0.14 and in 1030 and 1030, 

0J5 mid 0.38 ro0t>^HiuUe>i, rosia.'ptJvdj, dm edii>sea from 1020 to 
1030 iming mpasurot! hj tlm eaiun instrument. 

Tbrtm ttiPiwnrn^ iimDjnn<t to show that, alihnngh tlio J&20 corona 
wriw 40 percent brighter tljftn that of 1025, the toiaJ illumination of 
corona mid »ky together wag 40 fwrcenl fainter. 

Following the 1932 wlipse, when mjniy aieaauros wore made in tho 
United .Slates, one (>0]upclcnl Uluinmatbn expert voiced hia opinion 
of attempts to nioaauro l))o total light of tlie corona by the tiso of 
illumination metetw in Iho folluwlng worda: * * 

There eea bo iio objcctioa to otiiyciao nicasmlni; tlar nntTniO ilium uiotfon ctu a 
cninplftr;!}' cxpwod test plato at the time of to^ity 9 Im ia eonvLoced of Urn 
tiUllty uf HO (Iritax. Tmiiilv, hown^r, aiuy otumo trben tbs reanlta o( aiiob 
totvuofmiurui am wrioualy put oa indiutive of the omourH of liaht which 

tho ci^roQn ia 

Hcncr^Ti it ift fividciit iluM we tuh&l not now tako too tbo 

ritt^jnpls to comsloie of coronal radiotbn BunApoi 

activity. It seams very piuWbb iloit the ioner corona at 

sunspot inasinmiii jiiust bo luightcr tbon at spot-muiimiiEiip More- 
ovftr^ Its ihfl iiuiej coroiiii conlributts tlie grvatost part uf tJie energy 
uf the total eoroiinl miUationi we woiiltl lo^icttUy expect that itte total 
eworgy nl nmximiiiuof spotAb^reatior tUnn At mini rmi Ujifortimatclyi 
ceJi})so$ Collie but saldnin ntul I here are bw olwervoiioB^ with which 
to derive eorrelations. Many ustronomers (and obber solendate as 
well) have ooino to hasty conclusions ihrongb tlua di^crjia»ioD of 
observations aflectod by largo accident td and ey a tenia tie orrom. 
Wben w'o conaider the palLri’ amouiiti of time devnl^ii to iha incaiiiinv 
metit of the light of the comnuf we must not lio iw much di^^iuiiagcd 
at the niaager and eoidiieiitig nnsiiLts obtaiuod. 

In spiUi of all llie InLOiisistonriM of tho results^ nhaorvera throngh- 
out the past 50 years have been in agroement that the total light of 
ilie corcina Is rougldy onodialf that of the full iiiooii. It Ls ivith a nolo 
of surprise that \vc read * tho staLemont by !!i^len;Aet and Boyce that, 
the latest corona observed^ Lhnt of 193(1^ shone wHU O-O Ulnniination 
of 50 to lf>n PiiujBs Llmt of the riill nmoUp We bUiiII await the detailed 
resulls wiib great Interest. 

rotATtrZATlOK OF THE IICIIT OF TIIF COHOSA 

Puliiris^ation rnecnsiircs mmt tie tbo ns^idt of a conibinaiion of tim 
partly polarized light from Uie corona and I he unpolarked light in the 
certli's atiimsjdiere. The measures made of indipses in the early jeojg 
of the present century seemed to show that the percentage of polnr- 
ir.plinn in pholographio Hglit was shout l.iiree Limes greuter than in 
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iT^utiT n result tjuitc m ngrotuuetit with tho assumption that the 
coronal radiation la Kajrldgh ftcAttonug from Atoms or iobB. At the 
eclipeo of 1032, liowcver, plioU>|^uplijc mooeuics bj Dufiiy imd 
Qrouiller proved that the uuiotint of polntiKalion was ontlroly Indo* 
pendent of tvavo lengtli and \ritn a maximtun of 2d percent in the 
corona at tO' from the sun's At the succeeding ccUpoa of 1034 
•ToimsoD found a mosiiniim of 28 poirent pidarizQ tion at 8'.5 from the 
sun's hiab, a result in gnod agreement witlt the 1032 orlipse. Evi* 
dently the scaltering of light in the corona cannot bo cuused by 
Atome or Lone. 

THK SPEOTRirM OJi' THE COBOMA 

It limy be said that the rorona exhiblte three sepatnie Bpectra: 
Kirst, (Im emiston epeclxuin of *Voromuin*' exuding in the inner 
corona and extendisg on tlie aventgo to 5^, or 2(HJ,0fK1 km from tho 
sun's edge; second, the continuous spectrum (urithout lines), of tho 
middle corona; end third, tho Fr&imhofcr lines showing foobjy in iho 
hmer corotm. 

In the iloviserl Sowhind Tables (1023) ore ^ven a list of 40 bright 
lines aitrihutud to Uio corona by Cunipbell oiul Moon», Of this Ibi 
of lines iiiore Umn luilf, or 22, apfieor to take their origin in the high 
chromosphoro. Only 28 oioisaion lines in tlio corona nro known witii 
certainty at tho folic whig wave tengtho: 3328, 3:187.98, 3454,13, 
36(HJ.97, 3642,87, 3800.77, 3086.88, 4086,20, 4231.4, 4311. 43S0, 4567, 
4586, 5116.0, 5302.00, 5586, 6374,30, 6701.8, 7060.B, 7801.0. 8024,3, 
10716.8, and 10708x0. Other ttunt Imes ore suspected hut not yet 
v<urifti)d. Tito green tiue of 5303 (discoverod in 1860) and the ultra¬ 
violet Uno at 3388 have the greatest alrongtlts. 

In 4'^mparmg the green and fihI coranal rings uhlained in 1030 on 
sppettit taken wdrii grating and without elil, it was sujptistng to End 
how little they rc^inlilcil earh ether in their stnicturoJ details of 
groatest strength and how little eitltor roaembted the high-level lines 
K and //a of the chromospheio. It won furUier found tliMt llmratlU* 
tion of 6374 always sticks clotie to die sun’s edge and b more coti- 
contraieil and moro uniform in distiibuthm than 5303. It Bt evident, 
therefore, that these two lines cannot take their origin in the sume 
atom, Cff at least tint in tlw saiuc atom tn the soma state of ioniTsation. 

In order to determine liie atomic origin rif “cnteniuin,” several 
autlmritics Imve grouix>d coromd lines togothar depcnditig on the sim¬ 
ilarities in appoomtrea or distribution of %ht in the spectral Un«. 
jts the radiation of 53(13 is very UDevonly distributed around thu sun 
it is evident that sjiecLra taken with slit will lie badly hatidicappeil in 
delecting suniler strufturol dDlails, wpociuily when in many of the 
coronal spoctro tho dehnithui is iiuna too good. Tho only groiips to 
which most auilmts ogroe aro 6303 and 3388 put together, thoatrongest 
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liiwa ot Uic ftlK» 3 in», and 4 l)S<J 'viil» 3flni. Aa stiitctl nbovo, 6303 »mi 
0374 ffinuol Im plftpcd in tlio same proup* 

Without an wslipso I^ot (oiind Uiat tlie uroea luid twl lines and 
also 0702 hBTe iridUm nf about an angstrom. Ilia wave ti^tba com. 
binod with tliB best valtnsa Troni t«U|»es are Uie valtiw given above. 
Uia wave length for the red lino, however, diJTcis by 0.2 aTigBtrOHi 
from the hot edtpse vnhiO ivhbb gives ftitthcr ovidenttfl of tlie fact 
Umt better wave Lsngtiis t>f the coronal Sines are urgently desired. 

Witii tbo gTeai (Mlvtmc® nniile in recent years m atomic stniotnroi 
there hiiva hccji nuiny ntlompta to find rhn orittin of mysl^oiiE 
corenium. Tlie general ccmfionstis of wdl-infonned opinion seenui to 
be that although nciitml osygen may eventuuUy ho found to Im one 
of Uio chiof constituenU? of rorenium, at priHjent that fact is far from 
being provod. In briaf, nono of thu stion^fic guesses made up to 
date have been verhied by obiscrvalinnnl evidenvo. 

BPECTItllM OF Tilt; MJODLfi JVSD OUl’EA COBOSfA 

In oddltiun to the bright line spectrum enused by tlm hy|»elherii^ 
element “ciimnium," the corona shows the conliiraoua spectrum in 
the iiiiinr corona and dark lines in the middle tind outer c«iona. In 
JiJStt, willt liire* fipecIrogwiphSi Clrotrion. obtained spoctra of the 
rorotis which wore con i pared with the (u>lor s|jwtruiii taken witli the 
sums instrnmontfl hut waakened by knowu wnoimts. MuHSureniMita 
of inteneities give the following mtoresting resultai (I) Tho {MHutioii 
of energy miudmurn in tlie coronal spectrum is imlepeDdciit of Lhn 
tuught in tlio corona and agrees exactly will* the energy ninsiinum in 
tlie solar eiw trtuii; (2) within the errors of measuremoni, the dbtribu- 
tinn of energy in Ibc coronal flpe(;tru.m ia iiidopendent of height in tlio 
corona and is identical with llm iiitouBity of radhilbn in the solar 
ei»wtTum. After many years of unceirtainty and confhuling oir’idoni.’e, 
we at Ittflt aeeui to liave the positive information that the cohtr of lUe 
curonu is identical witJi that of the sun, or hi other words, the etirona 
derives ita rudlatiun froiti scattered suiiJight. 

In tlss reinarkahly cloar aky nt the Australian c^i'hpse of lil22,Moore 
BCtuiied to ptrivo >]iiUe poucliisively that tJia tVamdiofer linre in tlie 
ndddle and tiuler corona have tlielr nrigta in Lliu corona Itself and am 
not caUfietl by mtnltght seattonwi in the earilrs aUnosplioro, Tiy 
means of a regiateting photometer, Clrotrinn iiifrasuirod the wldLlis of 
the fitronper hSimnliofct' iinee in the corim al apwitruni of 1923. Tlmso 
widtlift were comparod with those of the solar spectrum tukou by tin* 
sains spectrograph but weakcncil by known aincmnts. In every ra«t 
the wiiltlw of coronal lines were com)iarc<l with tiio widtlis of laitlt 
stronger and weaker solar ipctum. nereUifore, nearly all wbsci vure 
have been in egreenient that tlio coronal tinre looked both wider and 
less distinct thnn similar linea tn the sun. On the contrary, the photom- 
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eltfT moaffiiras nuiko clonr that tJ)C tliirk linos in Uin coronal fipijctnuTi 
ftTo cprUiinly mui’li less distinct tlifoiifth lack of contrnst Uinii in tho 
solar spcctruTii rikI, moreoTor. tlic dark Jlnea hUs rtinre proiriinent in 
tlio nijtor corona llmu iu tlic intier^ but nnTorlheloaa tbs widitis of the 
coronal linos nro tlia Mime at all flistnncog ottt from th«i sun's suffHco. 
nmi ivillnn orrors of mflestiroinent nns tdontiraJ in iTidth witli tlie 
corr^lKinduifT liniis in tbo ^lar Bpoctrnm. Krom siniiiiir moasiircs 
curritsl out on the ltt22 luul 1032 spocini, Moora ronfirmfl Qrntrinn'a 
meiisitns of thi; 1033 spectra. 

WJUT tS TJTE COJtOXAT 

Acrordiric to Uot;,^Iand, tbn rorona Eias "stimulated speculation to 
the breaking point, it being open suggesttHl tbit tber® wo witness our 
rcce^mizcd pli>-5Jca] In wb set a t nn«^ t by na t lire itselfIt b orident 
lliat tbc eansc of the coronal radlalion cannot bo found in tho emiBaion 
upcctnim of coronium wliicli axtenda iw> more iban 5' from the sun's 
edge. Afl tlie comnnl Btreamofft hiiTo been detectofi lo diaianccs 3(K) 
times grofllor, tfie explanation for the myatorious light of the corona 
must be fonmj in tbo radiation causing the continuous apactrum of Du- 
inner corona and tlio dark-line spei^trum at greater ilistanres from the 
Bun. Tile spectra taken in IP33 eliownd Frniiobofcr tines on tiio face 
of Ibe iJurk moon. On Ihe sssumptlon that tliesa were caused by 
coronal light sj?attofed eilJitr iu tlm catlb’B etmospliero or in ttie 
siieetrogntph, Orotrinn waa slda lo apply corroctions to the measured 
intensities of the dm-k lines in thu roroniil spectrum. Tliosfl correctoil 
intensities ishow tbat near the Bun'e edge tbe fLonimimua speclrujii is 
mueb stronger than the Fraunliofor sjujctnnn so Umt no linoa arc 
visible, owing to lack of coni OLst, in I be inner roroua, Lhnugb nn douht 
dark liuca may bo there. At iiii:;rrjisirig distanrea from tlio sun's 
ed^ outward, tlio intanaity of tlic routinuoiis sfxictnim fails off more 
mjudly than the tlarkdiiia spectrum. At un angular dislancc of 1ft'.6 
on (be east eifle and on tbe west side, or at nn average of one 
solar rtidius, tijo intensities of the continuous tind ilie Fraunljofer 
spoertra nre e<|unL Ai inrrca.'^inc distances from llie sun's surbu-e, the 
dark Hnes Iwoim; grmtmiily more readily vidble owing to im-reaswl 
contrast on ftccouni of iha diinjnlBbpd inleJisity of thu continiioUB 
spectrum. 

Spetitni taken at many ccbp.ieg during tolnlity have eljown tbo // 
and K lines ami tba stronger byflrogim tjnaa in great intanaity, oven 
arrow tlie fui.e of iJie (iork moon. TJi»^ spoirtml lines taka tboir 
origin in light from the high rbromoepbero urattcred by I ho oiirtlt's 
MlmospbEre, partiridiLrly noor the beginning oiul cmling nf totality 
it, Hioreforp,may bo quite unflafe i,u uBsume that ibr lines of the spec- 
tnim on (bo fm eof the moon in ] [t3:f ware actually raiutcrfj by Bcullered 
bgbl fliuanaling from liio corona ratbiir thou from aunllght rofloctad 
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by nr-urUy iiloiidii iu ilm eurtb'a iti mo^plw'r^i* Tbk, bowercir, b ft mi^re 
detail on h fine piarn of work Ijy Orotriiin, ctnd it bi evident that rie 
mciisiiroe lou&t be rifijeateil ul future is^-lipses when, it i$ to be hoped, 
tJic gky m\\ be ck&s from passing elouda mid hft7.ft, 

Aa b result of many dilTerenL tkofjrics, it b now geuondly rcoognized 
that the eJccLron must pUy im imporlanl rule tu oxphiiumg flte 
nicliatioi3 of the ermnia. If tbo ^.^mlinuoLLa a]>ectriini b eauBi^U hy 
free dectrone whieli shutter the sulur radiniion^ ii found tliat at a 
temperature of 4,000^ iUe Livernge tbumiol vnlmdly of tlir eJcet-ruii 
would c^um ti Ihipplrr rilect of tlie oilier of 10 anfe^tranw. Aa a 
n^dtp oil of iho Fmiinljofor linos would he wiped o«t witli the excep¬ 
tion of tho broad w^iufz^ of the 11 onil K liiio?>. 

Eleciioii scftltermtf, Lhorefore* fnnibhes an adcuimte explanation 
of the ub^enee of dark Imtia in tiio epeetruin of the inner eoronti and 
jilfio b in (ionfgrmity ■wilb the ffuei thbt there m no differenee in color 
betw'cen the eoronn and stitiUghti aft w'as found at tlia 1932 i^nlijjse. 

Lhji how are tlm ilark lines in the outer corona Ui he exphiin«4l? 
If Uie electron U to tlm ngont^ tlicu it b nec^'t^ory to find some 
procCEES wliereify tlm random YpJix’itifs of tho electrons may be flowed 
duw'u to such an ejttciit Itiat tlic DoppltT effects will not ohlitcmLo 
tlie Kmunlw>fer Imes. It b semooly possible to Bssumo a terapeni- 
lure in the nddillo eorena teas tluui 2,000^ K. winch would causa a 
Doppler efTect of about 7 angHtroms, We imght* If we please, 
ogduiuc Bonio (as yet) itjuknown influencti' fixuu pasitr<>iis, or diat thfl 
flun'a niHgueiio |li*]d| orewuc other ttwknow'n i^^vurciv rniglit gradtinUy 
slow ujj liie eleLtrou velocities at distaj^ene of lO' trowi ihc sun^a 
surface. 11, indeed^ tlicre wore a gradual (dowing up of the electrons, 
this woidd causa tlie Frauubofer lines to be bniadtir in tiie inner 
coronn ancl sliarper in the outer corona, wliicU h tmt in aewrd with tike 

Under tbn assumptinii that tlie light *>1 kho eoromi b enused by Lho 
superposlyon of n coiitintioiia siHHctnzni over a diirk-lino Apectruui, 
it b nocesaary to condude l.lmt doeLruiis are prcBiutl everywhete 
klimughour. iho cotxma. atums anil ion^ £iit prrHont in Elm inner- 
muyt corono: causing the hright-^tine spoctnini of romuiunii i^as 
bcpn thought by many tliat ionized atoms must bo the uttEi5?o of the 
dark lines in tho spectruin of die outer corona. If uU>mA w^ore pres^ 
cut in appreciable nujuberiip Llicir exbbcnco would cauiie a Hayleigb 
&entiering imd ti dbtrihiition of JuLonsily in Ihe coronal raillatioji 
dillerent from Ihnt of the sun- which again is iioi in accord with tiui 
Fivcia. 

To explain tlie dork linca of tlm outer corcum and wilh no change 
in color^ Grotrinn is forced to in^umtr that (Jio modianUm tinuit Iw 
solid particles with diKunetera greater duin three t.tuii^ die wavo 
length of %ht. Close to i.bo auu all sotul parthles would bo Imme- 
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dinifJy but nt ^L^lur rlLiiunri^ thani w^kujiJ «ji rntres^ 

ini; Diiniber cif ^UJ porildeB; in facl^ in iLa zodmca! ligiit wi* Imve 
indopondcitt c^videncc nf oxisl^^nca of such mi^torial in intciplMMS- 
Itiry According lo dib ti^'potliods^ witliiu ouq railiuB uf iKo 

the elocLron is the scattering^ mjcchonkin but laiihor 
mi the mterplamttary dusL doud doas most of iiw acuttcrini;. If 
file dust ebud moves witli tlip fum^ tUou any dctmJfl of coronnl atruc- 
ttire In the outer eon jo a t^ould peniifit for long perioeb witliout 
ehaoi^is* f or the long streAiners wbidi are piojmmmt featum of 
iictirly evp-Ty cfifuna and which unfitsostionably duingo slow ly with 
UinOp the dust doud explaontioi! b unsatisfactoT;}'. Wtien knowledge 
progresses still furtlier and we learn mure etiout the phynicat laws 
thsi govern niattx-r under sotor conditions, then we may bo able to 
find m cxplaiiatson of the dark Hues in the coronal apocUitui that m 
dtn|i1er than Llie adsumpimTi of Rcattering of fJtc bud^s Uglit by 
lntiir|j]aiiHtary dust. 

Mnnifo^tlyf for ftiturp prognesd wo mono and hoit^ spoctra of 
Lhe dark llno^ in the C4.>Toiial spoctruni taken under dear akii^ rievold 
of watnr vapor in order to he moro certain that the Fraunhofer tinea 
am actually oorunat in ^d do not come from sunlight scattered 
in the earth's otmusphure. We nectl more and belter epcelra of largo 
djapersian in order U> dutive more bocutrLo w^avi? lengtlis of Ihe hright- 
hue 8|tooirum by wliidi to fmd tlir ifrigiii of cojoniuiii and to laeaauro 
the roiaiipn of tite corona. Up to date we have piiilulty few ^peetra 
uf the eorona with good ddmitioii and adertuatc dispemion^ In the 
future spectra must ho meamired photomotricallj to ss great 
distances m possible from the suii^fl siirfaco in at least two dirocdoinB^ 
at ibe equator and polca^ NcedJuss to say^ the photographs 
should cover as gitiat a retigo in w'ave length as po&dhlo. More 
Itilomijilitja is UJgmUly imcJod equcomiiig liic degree of poljtrhuittuu 
of the coronal light to as groat dbianccd from thu suit as possible. 

Ld ujiite of the brilliant work of Lyot in photographing the liorotm 
oundde an eciipBit^ it is nut dillicult to predict tIiJ4( coronal oli^orrotiona 
in tbo futiEie us in past will have to depend almDst cxdueiyeiy ou 
the h^w precious momonts of total which afford an average of 

1 uiinuLc per year for ucauaiulnUiig obscrvatiotifi. 

THIS FLASH i^rl^<7TUr^i 

Jivrr since it was first otjftervfld in 1870, the spectrum of the chrumo- 
aphuro enniinue^ tu Ijc one of the most unjuiriiml prohJaiuu taken up 
fur inv[^Llgiili(iji at i^jich stioiwdiiig uclipflc. In spite o( llm enorinouji 
ailvancos in imitnjiiirJit^til cfiulpmiMil and technique, which in other 
t^rmtohoe of jiti>trouomy h^a appeared Uj acoompiyi alnjuseit tiitr iuipoa^ 
jsihio, tluuo am remurkahly fcwgcKMt phetogruplis of the Hash spectrkiuj. 
In fact, to <ihcck otf ou one's fingem the really first-olu^ phuLogruptui 
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taki>ti by diHojiimL st dl th^ edipsi^ in tlie piist 4& yo^i 

Ixith ImniiB would tw u^L^ce^uA/y. Th^ anJi t*nemy #f tho f^clipso 
fkgtroiiFimerj dcindy weather^ hm foiW niimy altflmptB* yet ilioae Eli at 
escaped ihe douda have not obtaiuGil per/eci Uimugli poor 

fucu^ or poor eeumi; or from inaoouraie l i m i n g of tlio oxpoflur^. 

At a tiHal eolar ecUpaOt ilie Itadi ap^eiruio may [}& obg^enrod at Ltir 
iiegintiin^ and at tlie end of tolaUty^ eiEhar witli i>r witJiout aliti and 
hy tlic Ufie<ir jirismH or i^aiing. Lf witiionl alitp U^e ludiWduiil in 
tlio tfpocLruni are a serioa id ast^ of vuriofiA tnleoaitica and oI (Hfforotit 
lengths depending on tJbo heiglita to whieU solar extend 

abova the auii^s Aiirfacie. Tbo photagrayhic plate may be fixed for 
eaeh cxpotiuio or it may bo moved ijradutilly by an arrangement first 
triad out aueae 4 ^iiilj» by CamptHiU in A variation of llio fixed 

ptate ia tUo ^'jumping fUm'' aaeceaafully fried in 1932 l>y tlto Liak 
nxpodition^ The prindpb^ is Elm same its with Lho movie eEunera^ tlic 
film hmig moved imtWfMfn expoimrea made on a tixed filtn. The 
oadentiftl dlfToreneea are ttml the cemarr) b a gpocero^aiilip the hlnif» 
are mueh larger in dbo than the standard 35-nim varieTy ami the 
expo^mntf luid tunes for ctianguig film may bo each about % second in 
duraiiop. 

The fixed plaEo recjiiir-es very exi\ct itndng of ExUo expoauroa in order 

obtain imprints tmm ilienioatiiDpi^rtant lay era of the chromusplierop 
those of lowtvtr Jevela^ Tho moving plale or the jnmpipg him atartu 
Ihe expoaurca a liiJf minute or moto lieloro the begitmingof totdity in 
order to eatch ilie fireti II nab so tliat the human element h partly 
eltmiurLtcd, Each of the three ftiethoda hna bedi ita own peculiar 
ad vantage' and nt tiie siuuo time its own diaadvantagea^ Without 
here going ipio dotailo, it, is ovidetii that on accoEiUt of *be wry groat 
difiiculiy of obtidiiing suoc*.i3afiLl pholoi^ptia of the rhKonospfteric 
spectra tdfcjwly (illii(Jed to, it wiU he wbe ta uUhso mote than one 
iyjH^ at an ocUiise. 

Astronoiners dn not on an cxfiedilien merely to see the phenom- 
eiion un<l anjoy the betiiitics of the oerona. Frequently tho natrono- 
mcr b in a dark naiin making exposures or Im has surh a Urge pr^^g^un 
to Cfiriy ilm>ugh that ho cap obtain merely a pas^fing gtimptso of tin* 
corona. ExiM^Udona are m iocure phnUigrapks which titi* [iiousurtMl 
and studied at home far distant from the few thrilling and -cuccitoJ 
moments of Lho total adipflo. In tJiu year 390& tn Spaitip tlm anElitir 
rdUainei) with an isicpeHUre of 2 secomh a photograph of the flush 
H])oetnij]i on whkli lie haa sclent cofisidk^j^bly more tlian 5 years of 
oonctuitrated wnrk. 

Surli ft photOffTiiph is used supplamoiit r^urches l»eliig carried 
out daily on t!io sun vrithout mi eclipse by iho usio of a iw>wenul 
spectrograph ^uch us is aLiached to Iho 159-fooL Moimt Wilson Eow'iir 



ASNtTAl. ItKIHUlT BMITHSOHIaX INSTlTtPriON. lIKrt 


102 

telescope. I'rcuii cirnh Hop of lint tlunlt sjjrntntjjt infctfHiiitiou is 
cibieiiiotl 111 ihroo scpiirutc iLod (iistinct tliivrlions' ), wuve JeiigtJid; 
2, iul'eui^itiiHi; ii^oU 3, lies;i;hts. 

Willi die brief oi-jKisurca available at cclij™ time it ia only posaiblc 
til Iifie n Ilijpcisiuii much flinnllrr fJiflJi that employed in dmiy soi^ 
work, witli llm nrsiilL dial ilift awumey of wavc-loriEjth iloieniunatJpnB 
is Dot Gtifriciently higii to eBcerUiiii syatenmtls iMercneea botu'ceo 
adipse wave leii{jtbs and Uiooa lakcii imdor onlinary sular eomlitioiiB. 
Aceortiiuf'ly, ditoinospheric wave teiL|;Uia rim serve no oilier purjxtflo 
lhan ibe kleotitlcfttion of Uu' lioos from conipaiiaoiis witb Kowlamrs 
Tiiblcs ill order lo deicrtniiie tfio paaeoiiH dcmrjir wlnmce the Hpeclral 
liiii'A ori^iiato. 

Thi) miHit diiiraetcrifllb aifforonco between llie ehroBiospherio and 
the onliiiary eobu flpoeLrutii is found in the reJutivo bitoiuilies oi tlie 
liuea. Id ilie odipae syiecLrtt tbe bdium iiidudiiig Dj diflooverod 
ill ISOS, are of gnmt slMDgtli, wlicrt-aa itt llie Fraunlioftir fipettrum 
they are eiitively mieainjr. Id tlie odipMi spertra the hydrogen line* 
arc of groin prominener, imd S 2 Imes of tile Balmer soriej have been 
observed, wbftrftiiB in the Fraunhofer apoclrmu only 4 hydrogen lines 
lire iiliserv(.d, CompaioJi sbte by side, tlie spectra on plate T acem 
U> belong to slum <if two dilfarenL lypos rather than U> tJio same objeci 
umler dilferent cuuditioiui. 

A glance ui the diroiiiosiilipric taken willimitslit abows that 

die etrongcsi lined are of the gmatcat IcngtliB on tlio pliotognipli and 
lien<!e the Tajairu cstend to the greatest Udgbte above the aim'a -uir^ 
face. Tlip heights from cellpse BjHW'tra in the capable liotida of Saha 
provided lihii with iudiapensablo inforuialion Irom which ho was able 
to dtirive temporuture wad pressurn ooutlitions in tfio solar atfoospheie. 
I'lie theory of ioni^arioti ilevulopud a decado and a half ago as a result 
of lieighle from edipse spectra liiut fairly revolutionized tlifl science 
of iwtropliyfiics, Saha’s llie-iry liaa fumitiliod axi eiplaiintion of the 
eatu^ of the dllTorences in intensities of Unea in npnctra of staw of 
difTerent typesj liiiu given a means of de riving the teiii pern lures of 
the stAis and has given mcssiina} of the distances of the stars by 
Ihoir spectrosicopic [HtraJIaxea. 

Starring out with Saha’s tliuory, new tnformnlion gleitntvl alxmttius 
stntctiiro of llie atom hua revdiilionized the method of nttarking 
wditr prohleiiia. PfucliriiUy iiU tlio pmiiiiiieni line* in the sjwL'truiu 
of the sun biLva hi'en imsigucvl to nuiJliplebgroiips with known excita¬ 
tion fHitunliiihi Tne*9iirie<i in ductton-volts, tJie nrbitmry intensity 
GCide of Kowlaiid hms been submitted to cnlihruiion testa wfiicli hnvo 
rovcalcd ibui. tlie intenBittes depend on die nurnbor of atoiiiB luigaged 
in the rominlion of the spectral lines. From ihe weakest Ft lines 
IKTiieprililo ill the iwdar speotru to Ihe stmiigosl, the number of utoiua 
involved tiirrcuun.'s a hunt 1 ,iV[XJ,(K>0 limra. 
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A peraoik Lhvld^ n<i knowJ^go of tLc tmdfirlying mutiiplnt 

groups would noti advance very ffLT in the pmvUcal caperution of inone- 
latJjjg heights in the diromo^phom mtlj Intonsitle^ eiUior in bvlii or 
chromospliuro before lEio facit would forced u[um hmatleulion liiaL 
gonerally the lines of greatest intonaity reach iho groatest heightjSp and 
njoreover tho intoiidtica and heigbtj^ for nny clement are greatest for 
the multiploti^ c^f lowest «uEi'hation pofeatial. The Eieai clcijucat for o 
etiicly of tlicfM"- rortrlatiotifl is rttiutial iron. 'fhiH e]emeai< has been 
assJdurinsty ol^i^rvoiJ in the lahoraltiry and very wave lengtlis 

are known. is very ficL in lines wlurh haw luien grruipcd into 
multi plots ivlt!) a wide ningo of oxoJ Cation potentials. 

From a study of IJ222 Fe lines in Clio Hash apceirum Uio fol lowing 
facts worn rtoiod: (l) Tlic etrongest linos in Lho sini belong to tho 
mulUpleta ol lowest CAcltatiou potoutiiil; (2) w'ith inaaafle of exvilation 
potontiali tho maximum intensity of Ifnea in the multJpleta stcailily 
deoroases; (3) for mnltipleU; of any given excitation |iotofd.ui!p there h 
a clofMJ corrohition Initwoon mtetmtiea and height; (i f for any given 
Ilowlanrl intensity, gneh as fi, tho heights diminish aa the oxcitation 
potentials are iniTeased. Thors are many important oonsofjucnees 
of these correlations, 

Fat^oioadne resultB on eunsjKita wore amiounced by EvorsJiwl in 
1[>0B- With ilio slil of hia njioelmgrnph plucei;l Jtcrofs tho sihiI^ ho 
foirnil that the wave lengths in the penurnhra of the spots were differ¬ 
ent fr^mi tljiJ valuer ni the viintor of the mm. The displar^^monta 
which effeetcil pmeiically all lines wer^ not constant but diffcml in 
amount depending on the intoii:iities of the lines investigaloifi tho 
eiiift being greater for the wwdtor than for the stronirer linos. Ever- 
elicd's results wero abundantly confirtiicd al Mount Wilson with LLu 
that oonclugioim arc drawn that the ilispljiceanontfi in wave 
[atiglh are a Doppler elTeet caiiscil by the nclual flow rif the grurcs 
intl of tlie at levels ehp#rts fn tlio siju'^ surface nnd tho spi>li 
vojicx at higlier lovcb. The heights from tJic iladx svpoctnim fnmfsh 
thi? exphmaiion. As shown by St. John^ tlic layiu's doseet to the 
Jinn's snrfaco have a motion of traiuilalion out of tJie spot at I ho rate 
of 2 k dome Lora per accond. This luotion l«>«:<3nieji leas ujid Iins in 
amount nt greater and greater boighla. At a certain level the fiiit- 
ward motion ceases^ wdnle uIkivc thU level tlio motion of traiudation 
ia inU" the apota with incroiiiuiig sjirCilB nt greater and greater heights 
jiliove lliif pliotcKphercv \l Uie niA)dniutn he!ghli!i rv-achi^d by linis nf 
the Eljrom(w;phfirOt MiOtKT kma by 17 and K of ioniEoil f Vj, ^ore is a 
moveuiont of the ralrinm vap^jr into the spot at the spoe^l of 3.S kilo¬ 
meters per second voi™]K>nding to n displacement of 0.flti3 atigstfoni.^ 

Tlio Even^hod efTecl show^i ihat Lhero is u ciirulntiou of gaseotje 
mutGJial in iho neighboi hooil of suns pula* thlicr line^ of rtw&arvh 
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liliow tlmt firculiiti&n iB goiiiK («i <U1 owr Uio #iiR. Tlietw) nxitioiiB 
«aiiac Doppler eMtla wtiicli afToct oanct wuve Wngtis. In wtmt 
follows aoms consequence® will I** notoJ, particularly ^ Uiey nre 
conflated with mteuaities miii heiehte dctunmiiod trorn eclipse spectm. 

TIIE PfillfCIfl.E OP RELATIVITY 

Kinelein’s theory of grovitntion ha-* been Justly rct^rde^l os tlie 
greatest triumph of mnlljeniaiieaS rcoaouiiig since the time of Neswton. 
U tB siife to say that no eeicutific BchioTomnnl of recent yeont bus 
arouBcJ BO much popnior intomat and onthuoiBsm us iJjat avokoil hy 
tlifl TeriUcutiou of tlic EmEtcin prediction by the ItflU total escUpse. 
In odditioii to tlio shift in star light by tbo gravitatioiiol pull of the 
Bun Hmounting to l"J2 at the sun's edge, the principle of ralatiTity 
has two oilier eonBCiiuifiices shown by: (1) Tho motion of parilieiioti 
of the planet Xlorcmy; and (2) tim rwl aliift of linca in the sokr 
Bpectmm. We ahull firet lube up tlm stuft to longs-r wave lengtlia. 

The Allegheny Observatory b cooperation with die Bureau of 
Stondards baa detormbod laboratory wave liaigtlia of the liigheet 
degrao of reliability, Tlio method of obtoiumg the photographa was 
by A powerful gtutbig Bpoctrograph amd iDterferometer, Uie wave 
tengtlia Jiaving an accuracy of 1 port in 6^000,000. For many reasons 
the r«ulte for noutral iron are more eiact than for any of the elements. 
Wave lengths b tlie laboratmy foduceil to dm couditions of vaettuna 
preflsijre are refemd to as "vacuum arc.” DiSorcnces in wave length 
bo tween the Bun and. the vacuum arc, after Uic greatosL care k oxer^ 
cbotl to get oil wave longdia to the one atandard ^tem, are. given 
in ihu following table. From the differences, aim mimw vacmitn 
arc, ara siiblraetcd the prediclod rtdafivity Bhifl amountbg to 
2.13X iC^Xh where X is the wav® length in angstroma. 


Tials 1,—tAi/# in tirFi 


















ftfiCBalJii 

miT 




Ko. 


m 

Xb. 


TlifL 



flrt 

1 aA 

Odr __ 

u 



km 

ID 

111 


J1 



SIR ■" 

a 

-flLfl 

L m ! 

n 

IHI 


fl.t 

Wi 

iM-. __ 


12 



la 

-ftl 


'A 

44 if 

ilUff 


^ & 

1 

+1** 

4d.4 

M 

* 

-ft® 

am 

It 

1 4^2 

1 411 


Ifl : 

m 

17 

-i.ff 

HUl 

H 


lit 

MrJJL ___ 

1-1 

It 

-QLt 

ffi 

US 

—t.t 

& 

ti 

-Lt 

Mi 



f? 

-J# 


H 

— n 

m 

Kl 


m 

y _ , 

i 

iff 


iOk 

n 

-1.4 

m 

IQ 

.11 

IM 







































1G3 


lli<j tJiWo takes ftcfinimt of uJ] tho Fe lines in well-cldlnod muJ- 
|jp!e(^. AUogatbcr a totiiil of 4^ mnlupletA invot^tni^ 300 lines wore 
Jj^iisdedt tbs xtnitorM bokig divided islo 3 seriii^i uaodiuinf 

und weak xmjItjpletB. In oacti nro given iLo numher of Uni% 
uivolve<!^ Llie Lelglit in kiionietera fmui llic fla^h BjHwirum and AX 
(in tmita of 0«t>0i nTigstrDmi§)p which b tlie i>qulraletit to the difTerencci 
sun mintis TULcmim rire frnrn whiE^li lieen eubttneted in ciich cui^ 
the relittivitT shift. 

hVom the abundant inatcrM ibut wont Intu the tuble^ it b evident 
that in addition to the relaUvUy sldft to die roti, corresponding in 
the tabid to iho-r© are oilioi- eiloct^ present. For the strong 

llnc^, those of small uxdtnllon pot4intinb and gmtor iidghte^ the 
vnliio of AX is poeitivo wIiUo for Ujo waak lint^i^ ihoso of highiir QxeiiA- 
tion ]>ot^ntiiik and loseer hnighb, Ihn values of AX are rs^entielly 
native. Tire systematic dUTerencos between fitrortg md wont ihios 
is mo^t rvodily explained as a iJopplfT shift cnusoii by a dmilaljon 
of viii>ora in iJio atniOt+pUere, On ot^coiiot of the higher tern- 
peraturos and higJior pressurea near tlio photCHrphm, the hoIht aedvitj 
causes ihe Ff. atonis to aacemd tliroirgh ilie miMliiiiii of ihauBands r>f 
weak linos of high iixcitation potential^ the maximum velocity t>f 
nsoent fuimJ for ij^ing 0*2 km per second. Tire }icig1tta to whirli 
these atomn are ejoeted aro mvieh greater limn can Iw meusured by 
the linofl in the ftakb spectnmi. In the upper reaehes of tbo chromo- 
spbflrep especially where the pressnres are miutite. some of the atoms 
lose an uxtemid electron md become icuibod. 

From tlie law of nature that '*"whatover goes up must come down," 
the Fe utoma deecefid ftom tJio maxmium bciglite,. In their dc^oiit 
some of the iomxcd atom^ gain an oxtemtd ebetron and again bucoino 
uetatrnh AccofEUng to thla interpretetionp in a direct photograpli of 
the gun iu nmtiled Httrface the atonm nscending ftom the 

aim exhibit tliemsidvcs ovfrr ttm amall bright gninnice and the descend¬ 
ing Jitoma over the largo dark intei^pftcefi;^ tho otsserved (icing 

an mtegn^tiHl ontu 

As fm illustration of Uw cormluLicins found to exist between dilTereot 
solar values^ iJieni arc givtai in tabuliir form the quantities involved 
tti the dn^sen lines of a composite miiUipkt of Ft. More ilum 1*X> 
iimts a3 fnany atermi ate i$eiive in producing tJie strongest line at 
3S20.A jisgo to form the w^c^ikc^t one at SMrt A. The rdiiti^ily whift 
amoiintfi U> 0.(1082 A. tlencc, withb o single mnlltptet tbo heights 
found directly from thefti^h ^pc'Ctnim^or iiicfiructly from the Evemlied 
effect in sunspcitSj are not constant but are the greatest in sixe for 
tlioso Ibes which involve the largest numbi.'irof atoiuM. 


annual rtjfiTiisoMA^ i.Njn’iTimoN. isar 
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HET.ATIVB DrSTHlMUTIOK ANU ABUKDANCE OF ELEMENTS IN 
TrrE LOWER CHnOMOePllEIlE 

Djf combiniDg tlio tioighW U> wJiich die vikriouB lines in a n]uidpl<!l 
nn> (ilMMsrvcd in tlio Jlftali spectrum with the multiplfit inlensiiy for- 
riiilne, it Hub been possible to doriTc for many Dleinwits the density 
difltniiiitiori in tile lower diKmiosplicrc, This secnu to in<iiejite that 
tiirhukncc and not sulL'Clive radiation preaaiire is jr(j8|JonHib!o for 
koopin^ Uio eleniaiiis wo well jhihmL From the floali dpucLrtini liui 
rtdalivr abimdanco of vitrious elemonta wo* doteniiined and LUo 
resultB from the ijiromosphen? were eompnttNl with those from Uu' 
revetsUip layer, stellar Atmoapherea, earth's eniat, Mtul stony matoor- 
itos. It id iufpiTcd ihut vritliin errors of ohaervation the compositiotis 
of nil ftouipled are alike, witJi tlie exception that hyilropen Ls conspieu- 
otialy delicient In tlm (Mirtli's cruet atid in motoorited and is probably 
more abimdiint in tlic rlipomoflidiere Hum in llm revcrsiiag layer. 
U scorns idso fiufi* to rnndiidc liiftt there ta a niurkcd ddicienoy of the 
heavier elements in tlie chromosphere, 

RKl^ATfVlTY flniFT OF STAR IMACIEB 

At tlie 11)29 erJIp^j tluj Potisdnm party using two dilTorfiJit famoras 
[ound tin* Einstein deflortinn lodoccd to the dim's edge to bi* 2f24± 
OTIO, A rtwiU vrldch dilTered redicnlly from the lick deflection 1*75± 
n!09 at the 1922 eclipse, or from the theorcticAl value of I'TS. Un¬ 
fortunately, ttl tlie 1920 eolipse, tb« bright ataru pholographod on the 
eo)i[ioe plated were oxtrenidy unsymnielrically placed, A straight 
line paadcd through tlie center of the KUii found 17 stArs on one aide 
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aud li sin^lo on tlic oLtior aidu of die ILae. Ab a cofujf^{uellce( liie 
lighl dellecdo/i5 to bo doteniiineil depend to a liigL d<!g^rce on the plate 
C4)jist4iiita tised in tlie reductions, by iticanK uf Jeaat Kfunre&i tha 
■iCB-le correction h tlcteriained ai tlie tuune time ait t]ie ndjcr eoneiantn 
of tlio jilatc fitim the star nl^servaiioiib liicniselvea, tlint hf by follow* 
in^ die |»rtK:eiJuru udoptert in t9tQ end 1SJ22| the 1029 platen give a 
donoctlon of l!75±0'l3* Taking tho raluea of all eclipses tegetber 
as solved by Icuat aepmres, tho obsi^rved value uf die relativity dc- 
flcotiou 13 t:7U±0!06, 

't1m ditrorences betM oen the viLritnia nMjijctkniB of the ]ll2^ eclipse 
allow tho underlying difEculty of Uio wiinlo ptnlilenip munely, (lie 
f>ractic&] impuasihOity of adequately separating die scale ot the platea 
from dio star defloedons. It, dierarnrCj appeam aviclmt that work on 
nlativity ilisjiliiccmenta must bo repeatoii at future eeltpsea by proo 
i^es wliiiii i^ill insure a fur grantor accuracy than has been attained 
in tlie post. Such a rocouniiejidotion \b quite obvious—tmi iinfor* 
timately it w^ill bo quito impossible to put tins rccommondatlon into 
effect at any tinio within the next two decades on account of Um 
f>ov6rty of steiB in ectipso holds. 

Most aslronontora and physicists axe now eatidied thnl tho Unujiy 
of relativity iiaa been rorified hy obaervatiniis made in diroe dUfcnuit 
fielcU of investigation: (1) The iiiotiuii of ttie jianhciion of Mmuiys 
(2) tliB red ahifla of lines bi the solar spoctrum; and (3) defections on 
cclip^ photographs. In addition^ Adams has measured a very large 
relativity diift in the system of Sirina^ and Trumpler hag mcaifurod 
red shifts hx atar^ of 0 typo* Many new and mtero^ijiig facta eon- 
ccming this ihcory w^iU bo accumulated in the next quarter o£ a 
century' oC progre^ lujfor^ there ia anuther <?clip«e with a sotiafao- 
lory distribution nf brigbl ^tars thtiL wlU pennit anutliar thorough 
teat nf iho relativity rtiaplncpiDejiLk 
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CTLiNGES IN THK I^OTII OF TITE DAY 


Uy EftNKltT W. fiMDWX 
Kiilf O^firmldrir 


Even ki tli^y profe{i$i{;knnl astroTKuni^ It ijomea plsrlmpa as a sliock 
wIiGn lu* first iGfiTQ^ Clifti Lhc miKin Ijp i>iLr uHjnnBtc 

exact meastirc uf timo- fie is so aiH^us Ut tlm appareat vag^arics 

of ilA motion, to seeiog it nil ovtr Iho sky and to Imng bfilJtcrH»if by 
ii& pxeseoiMj that it h dmioult to roalbiG ihe with which o\'oty 

delaii of ita motion ran ho followr^. On tho olhor hand, the store 
ft^lhjw b n^uLar luirl nearly iiniforni motion duo to the rotAtjon of 
the wiht ao tlvnt iho latter to he the nattuml Btoadard. I Jo 
knows, of courso, iliAt the IciigUi of \ ho day b irety alowly 
beoaufic t]io frietion caused by Lhn lidee is stowing down the rotAting 
oArth^ but he knows that its amount is very auiall nnd supposes that 
it h known. 

However, our nliserFALtniiii] biiowledge of tlib ^raduiit Locrea^ in 
iho Icngtii of tlio day ehietty from the moon, bocaiiec it dofiends 
blm<}St entirely on tim study of snriont ecUpsos of the eun bj tbo 
iiUKiOt Tbo {iIacc of ocRUmanrtt of Lhcee wlipe6s is not the m 
calculntiun iihnwB it si iQuid bo if tliQ tovolrtng earth Lad maUiiaiAed 
its rote. Tbo eiti'tb mtites bo faat on its oxis tliat if Uto moon is not 
St fli« appointed ptaeo nt LUe civen moment iJje earth nan dtp round 
an oppreciablo amount haforc tlte luoeting ivitli tJio suit uocursi Jio 
iliot o tolsl obiieuml'.bn nctmra elset^hnre titfui in tho plnco pre¬ 
dicted. riio same thing oeettrs if the parlb baa been going round 
more slfrwly tlum the eaJeulntod value. 

Sc feral workers have examined tLose obi records. Tbo queallun 
is not a irttnple «jio, flilolly becaiiao Lbo lListoriiin<i who wrote Uicm 
wtrro not export in obsorvi^ the phenamonn nr in gathering liie 
particular kind of information iliat i» noeded by the artfoncHiior. 
We Jmoo to judge from the dotaita wliirb may ho gireu that llto aU* 
important <)UMtion wbolhor tin* eclipsa waa seen aa total or partial 
is properly answenHl, The la teat and, 1 tliink, tint lieai of nil iheao 
invcstigatioiui waa mado by Dr. d, K. Fotlierinpham, of Oxford, 
Knginrtd, who died rocently. l!)r. FoLlieringiioin was a notable 
classical scholar who knevr Llio languages in widch Uw accounts were 
originally writ ten and U»e Imbita of Uionglit and Mprceaion of tlio men 
who wrote Uiom, and so wan able to apprabe* with aomr degree of 
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certainty tiio mal mflaninp (if the pjimsw) which they used. lift 
bteume interaeied m the nstronumicul sltie cf ilm rwoniis imd lonk 
tiie trouble to learn tiow to deni witJi Ihem Hccijfilinff to tlif best 
canons of Llio Bstronemer. Uc liceumc thoimiglily cxperl- in this 
part of the work, and the (riunbiiiEklion of knowledge jtnrt judinncnt 
wliicU he gave t<i it tmn prorlmewl earellfiiH results. 

Somoyfinrn agfi Prof, G. I. Taylor edited to out stock of infonnalinn 
by showing tlint the groalcr part nf the friction came from the tides 
in (sliallow sh’Jis. Uo Cidnolatts! that flio Irish Sea aboo produced 
nlxitit one-Gftietli of Uio nscesfiary nmoimi. A little later Dr. JefTrays 
maclo a eitoUar survey of the whole earth. IIo fniiml, though his 
eatculstione wore ncfiesaariJy rather rough lieeaiiae only rough data 
were ATailablo, that the total amount waa about (he same ae that 
given by obsorration. One iiitercsting fact emerged, namely, thst 
the Boring ?ba coiitribtitfvl the greater part of it. Hud hetbr data 
for that sifcteb iicca nvailaide he would have been able to make hia 
calcidatious much mote exactly. 

This result of Jeffreys rftisra a point which is somotunea forgotten, 
namely, tltat the present figure for the amount of the friction, nrvd 
CDnsEujuentty for the stowing down of tiie enrtli, may have no groat 
degree of permanence, Tlio EouUieni iKiiiiidary of the Bering Sea is 
a higUy volcanic n^on in which clmngea are ooiittniinlly taking place. 
It riiquiiirs no great Rtreteh of rim tmitginalien to siippoius that in the 
counte of a few fhounand years the depth of riiia sea and Its boundary 
may niabnrtnlly change and that in consequonce, changes wdll occur in 
the timotmt of the friction. Thus coutiun ia needed when wo use tlif 
prCBenl figure for orgumenta conreniing the past and future history 
of the cfirrii-moon ^stoni—a question I shall deal with briefly below. 

Tho amount of this gradual clinoge b very onmll—the day U longer 
now by loss than one thouaaiidtli of a ticconii tiinn it wns n century 
ago, Till* error of the clock increnitoa much fftster—in fact, os the 
wpian' of tlio iilaThitti time, Lf tho clock Joses 1 sreond in a centiuy 
it will low ino soconda in 10 centiiTicifl., ond in TOO seconds tho earth, 
in the middle nonb or Boiith latitudes, turn.^ a good ninny mikvs. 
Tins is why tJu' place of on ancient rotd eclipse b so sousitivo ’lo smnli 
changes in the length of the day. 

Of much Jnoro scientific importance is the change in the tnoon'ii 
motion. As the earth is loKiiig energy, tho moon, wliich is ros]ii)n.?ibJf' 
fur the greater port of the cJiange becmiao of the fact that it is tho 
chief lido raiser, must lie gidning eneigy, This nmkeo it move nround 
rim earth more slowly and sonds it farther away from us. If this 
wont on indefinitely the moon would leave us. Hut it ia ealcubted 
that when tlie moutii is abuta twite as lung as nt The present time it 
will atop ftsccdiBg* Whot will hapfain afterward is Inrgely u innttor 
of speculation. 
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Muo!i TiKjre stArtUiig nfe chaupea whicli lo lie imigular ujtd 

wtiicli tnko plarc in ti mucii fihnrU>r tune, (>ur ktiondedge of Elifm 
aro&o oripnally from a dbcoveiy by Suiion Newenmb that there wag 
an appnrcnt osciihition in the motion of iho n:iooii which wm not 
accounted for by theorj\ 1 bnvo Bftid aboTo Lhat ilte khcory of ihfl 
motion of Uio moon the tuost aoruraic umotkgat Lhoso ^^t uJl mUth 
nomica] bmliea. But ilm haa been mihiavod ^>nly fit Ilia cost of gteat 
labor. SUrlin^ with IiuuiC! Xowton i* ho fomiiklfitotl the laws of motion 
and pravitaiion wluoli the La dovelopcid, n hoi^t of worker® 

have toiler) to impmvo it—Kukri Lajdart^t TiiiniN3n^ ibduuiiuji New¬ 
comb# and G. W* Hill# to tnention only a Tew of iho most famous preat 
mathematicians und pri!at a^trrmomorH who Imvo added siicccsaiFely 
to it. Finally, Um writer# hiiiJdlng on the work of liis prcdoccssore 
and ctipcciallj on that of CL W. I J ill, gave Lha refiidk of a cakubdon 
which# if free from mislukos, had an aconracy at Jeasl contpumblo wilh 
Lhat fif obsnrTation. Thin hist work Juui to he duiio by ohbfajihiijuot] 
meihcHls since niacliiiiefi ware nut timn availahk ami the Inimmi factor 
entpred largely. To make a^urunee tloiibly «urc# the w^ork ia bdns 
repcalid idmost whttlly by muchinciy an that little doubt will remafn 
as TO the aeeiiraej of the reanlm. 

At the time of Nowtionih^s discovery, however, die best tijoory was 
tjuit of naneeUi and it was liy no meims certain that Bimie imiKu-tant 
term hail not bHcHi omit led xihich coidd acx-ounl for the do via turn. 
Tho completion of tin' winter's theory ahewed that f^ueh ii solution 
of The tiifrmulLy w m higliJy inipmbable funce tlia devkiiou wns nineh 
larger than any jirobable iniatnko in Uie tlteory. 

'rhe qtie^tion of thi^ liounro of die dovLation witi. rEoponed by Innoa, 
who, in examining the doviniioDs of t!ic pkmei Mercury# found char- 
ackrisdcB which with miiio stretching of tho bnagination couid be 
corn pared with tJiose given by tlic nuMiii, But the obsorvaltoiiid 
nmiaiiid was too poor Lo carry conviction, notvoverp it au|^eaicd lo 
Omu writor the thnught Llmt porlui]^ uiiothcr body# the aun^ might 
sdiow changoiii tuora cerlainly than Morciir;j'. The suJi niovas much 
mure slowly atxmnd the eartJi thou Mercury dues around the isuu and 
uri that nccount u nmeU i>oonir tca^tJng bcHly. On tJve other hand, 
it hn^ been condmiously and carefully iibson-TH) at evory jlne noon 
for t7D years and perhaps tlto mass of observations could niiikc up 
for Uic slow' motion. 

'rijc TimLario] wan gullicred nml ihc curves of deviadotL'i fnini 
theoretical orliit drown# and it was immediately seen that the qui^ 
i.ii>u Li ml hf^u solved—the duviiiiioii wm not in the mu lion of the 
nmoii l>ut in our meusure of itme. Now^cotiiH luul suggested llm os a 
pfkwbilliyj and Inncs luni adopti-il it Ur u.^pfain his t!eviatiun9< 

I millet go into sonio further dotaiiR in order to shovr what t)ie 
evidence in worth. Newcomb had nr^pri^mtod tlie deviations of tho 
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moon on r ecolo waa oido liuri^futituUy und narrow vorUeoUy. 
ft) Older to get die innUTial on a itiuidler piuco of pnjior, 1 iiUtirod dm 
fiorty.ontot sriJe so that Lite ItorlKoninl scale for u centur; was about 
tbo eatno as the verikd. A peculiar futiturt' appoaiwL The eurve 
w'os not tike an oidinory sine outre, which hoe flat tops and bottoms 
and wtiicti is dinractcrisdc of mo (ions producud by continuous foicos. 
It bod sharp pointed tops uud bottoms and was much more like & 
series of inlersL'cting straight luies titan a eontinuoualj changing curve- 
It) otlier words tlm cliongca Lhat took place were compoiativoly sudden 
and (lien stopped, as if an occaaiotiid blow had been given. 

I had direu of these sudden changes wiiieli were largo: Ono about 
1700, which, howover, mighl have Imcti pudual, os the observodotia 
are not vojy acenrato; ono about 1S97; and a third about 1017. Since 
the tost one dicro bos boon no furttier Largo clmogc. The last chnnge 
disposes of Kewconib's sino curvo — it will not fit at all. Wlion tlie 
smi curvo ivus oompaiod, iL eLuwed tUa smuo foiiturcs os the moon 
curve and in particuliir Lbo tLn.-c ludtlon changes of direction at the 
same UnuM. There could iLoii liaitU^' be any doidit about tlie ocmrco 
of tlie davinUons. 

Other workers have atldcd informative evidcnrio from the pUinale 
VciiuB and DcStter guthemd all the evidence from vatioiis 

sources me hid trig some from the otlicrsntoililes and in general showed 
lliot the result was correct. Tlut lliora was a fljr in (lie ointment, as 
iiaunlijr liappens in pioneer scion idle work. Although (he changes in 
rate shown all tlin bodies oecvrml at the same dates, the amounto of 
the chaagm shown h^ the sun ami pluneUi were )e«4 (.ban those shown 
h/ llin rnmn in the ratio I.2B : 1, DeStttcr sAtimutod dio probable 
error of tliis factor to be ±.1)8 so that it b probably real and not a 
mere effect of iunccurute ohservallons. TliU factor, if real, indicaloe 
lhat the moon hits something to do witli die choniros hut has only o 
am flll effect.. 

The amounts of those cliongoB in the rate of the earth's rota lieu uro 
considorahlo from Llm ustromimiCHl point of view. TJte groaiOBl of 
whkti wo Lave any ccrlniit knowliMlgD k that a'ldch bcciirrod about 
ISD? and which chungnl the npjiarent length of (he year by a socnod. 
flila b gotting near the best tliat the new Short! clocks von show, but 
tha latter have not yet quite si taiued the accuracy wliich in nroded 
for tho purpose. Pcrliapa if we hud a duxen such clocks, kept, going 
iindor the very best coudiliona, we might, by avoroging the limes llioy 
would nliow, doteoi euuU a change. There ii iionie interrot in tliis 
queation at ihu prMcnt time liccauH' (.ho ilovijilion of tho earth from 
allowing correct timu is now* groutar tluin it hue ever hern since observa- 
lions w'cro made with sufRcicnt acenraey, and cuttsetpiently it u 
roaeonablo to expect tlint a new chungo may soon occur. 

U b natural to iisk at tJik stage Low dm olncrvattona of the iiioou 
arc mode and Iho nature of Lin* errors to whicii they ore aiibjiict. 
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Til* fujidiuiioiiLiLl serius Ituvu boon ibis observations at 

Greanwicli witl Wasliiti^floiv—in Hi» forntej' case »n unbrokflii Ecric* 
fiince 1750. In tbrso iiliservatlojls tins tiiMS at wljkU lUo limb of 
the moon crosses llio wire in tlie tfutowl mcri<iittn tclesoopo is oliBervwl. 
The deoiirtftnou is oiso noted by t,Le (ws^irv ou llie upper 

or loift'er lunb of the moon. By tnoane of tsblcs, given in tbo miitiioal 
tdtnuiiac, liie position of tho moon nTi those insttvnte cnti bu found. 
UofortuniLoJy, liieee observetioDS wo subject to nwny erroiB. There 
am tlio Uistmriiiintai errors, mivsi of wliicjj can be denit with; the 
errors due to tho irregtilor slmpo of the limb, for wbich corroctions 
(am he made; and fimdly llie error of tlio observer when ho tries to 
mflk" the wire tangent to tlie limb. The ket us the most serious 
bveuuKO it variL’S vdith diffotient oiMservors nnil wttlt the same ohsorver 
at different times. About IfK) obearvaliorut a year arc obtained in 
diia way at (mch observatory witli some fiO tnote at Greanaddi oh tamed 
by uoting when tho wirea cross iho crater Mdating A. During the 
hist 12 yoats a iw oi piiicn has l^en imdor way to obtain and utilize 
occultations. Hero wo simpty ohsorve the iiisLuiiL wlien the moon 
covers n alar, Tliens aro pmcticaliy no inatromontal errors, and aa 
the tinuj of occuttom'o noLHi only Ih! olieorved to the nearest socond, 
tlifl hirman factor doee not sotiaualy enter. Bui dmy still deixnd on 
the shape of tho edge of the moon and, in addilion, on the uccuraey 
of tho places of the stars. Both of thoac errors can bo largely euf’ 
rooted eo tliat tlie possibility for accuracy with Uiis latter method 
seetnn to be greater lluui with iLio meridian observationa. It hoa been 
possible also to obtain many more such observations. During the 
;i yanra I0i!3-ii.5, wr hud an uvnrage of over J,i4(K) a year, With all 
Uus moteriai we how km^w witii ctmfiiderabk ai'curaey how Llic rate 
of rotation of the eartlk is vniying Irnra yaor to year. It should i)a 
mentlooed that ^iewetonb got his original curve from oceuitatioos 
which ho gulbcred from sli over tlie vrorid. 

What is the cause of theso vcriatioiiB ia the eartlda rate of rotation? 
At present tlie niuiH'or is—wo do not know. But the facta at our 
disp<.«ul aiiuhk* ue to oUnnnate a Kt»o<l many hypothesis ibaL might 
oIhurwUe havn Bomd pliiuidMLity and lliu-i narrow the field of cou* 
jecture, rerhnpt wo may even go so far as to say tliat possibly we 
can obtain new information concerning ih© behavior nf our earth. 

The quantity we are miiiiily concerned with b tho angutar mumei:t> 
turn. This is a product of the angular velocity, tho maas, Uio squ^ 
of th© raiUus, and a constent which dopiuids on the manner In which 
tlic mass of Uie ctartii is (listributcd. 'Hieory tells us liiat (hia cannot 
be changed (oacepl in a niamior whiiih is oarily caleulated aud wl^li 
ia allowed for). We have seen that Ihore Is one imporlaut cxeaption, 
namely, tho friolionnl effect of Urn Udi» produced by tim sun and 
moon. Tho irrogulor diangea might bo siippoaed te ho duo to varia- 


174 \ssvM. nia-oHT t^KTiTinaoN, \m 

dons of ilm rrictioiiftl But tlic> ohstigt^ wo are ooiisicl^iiog aj^ 

f^noniioujal^'^ l^utek: diuii tko wliolo rriciioiial ulToct- aud consequently 
any variotjon in llu^ latter b quite {lowerlcss to [irotluce tlionn Indeed 
til Cory gVH?s 0 slop fartber and indicates tliat no force external to tbo 
ear th that wo kii&w of can produce a change in the angular momentuiUr 
except In the manner just stated. 

We lire thus reduced to asking wheiher tliere nno any oxtomal 
forces wjiicli can niter the distrilmlion of matter in the eorlh. The 
lizily liiuch forcee we know' of are tidal actioua by tho sim and moon. 
I3ut sudj forc^ are quite regular in their ocliou, mid the tdimigeij wc 
ohaerve are cxtoeuicly irregiihir, ao that this source must be njlsit out. 
Tliare are in fact no known forces outside tlie eortli that can prodm:^ 
the ob^ved nosuits. 

Are lliore surf nee cliiuigcs duo to UicteDnoJogiciil esusea or otlier 
conditions whicli ntighl be effective? When these resulte wore linst 
published ii suggested Hint acciimulationa of Lee and entiw at tlie 
piiles might uccoiml for Llio pliiu^utitcuii. But CAlcululion tdiows that 
in order to use tliis sourcej the rcqiiisita nmoimt uf froimu water 
would changci tlie avfitiigo sen IoycJ oil over iho world by stuitcLhiug 
like Ik footp nod we should oil know if tins hod happenofl in 1SU7. 
i t^>ok ihfi trouble to Took up the records nnd^ as 1 oxpectedi found no 
fiignifleant clninge in sea level near that date. 

l^.>cal ohongea of level or volcanic action ore apparently far too 
g-iuall to pruduca ih(* rctiuircil effcjcL DeSitter calculated that if the 
whole gn iuji of Lhe llimidaya MounLums could lie raxed and placed 
lit the polos^ it wciuld product! only u fraction of what b needed. 
N'o unaginuhlo surface cliungcii seem siilTicieni for our purpcfSe. 

Wo aro then driven to changes below the surface to account for it- 
Hero w'o must resort entirely to hy^Kitbcsisi for there is uoliiing that 
wo actuoliy know which b avoilahle for our purpuso. Tho most 
plausihle start b to iiuugino stiiiio nctiou ivhieh cbimges the radius of 
Lhc earth, 'rhe oslrorKanor lias already adopted aomo such idea to 
c!£plalij ijiu changts which Uiko phico in the light of rertain variable 
ijtar^. Ilo iniugiuea liiat I hey {nilsalc bcHlJly—perhaps it b u fcalnru 
uf oil etare to a grraier or lessor fk^ec, Ii there b no dilliculty in 
hmigiiiing u pu bating oariJi— tlio remnant porliafis of a trinu when 
siidi changes w ere on a large scale. The omounta rmiuired seem quite 
smolb Tf ill are is a Lmifonn dilataMuu and compreaaiou throughouL 
the w^hota of tho earthy a change in the uxf’emid radlua of 5 iiichva 
IS suiliriind Lu uccuunL for the inarimuni change of rale which has so 
far been ob^sor^'cii U the change took place lu n layer &0 niile^ briow 
llio surfne^v tlie oatEcrriuI radina wuuld have to change by 12 feet to 
produce the same effect- If a change of %hm character is the cause of 
the plionumenon^ someiljjng botweert Ibcae two OTCtrouii^ b indieatoil. 
A not bar eu^eslion wiiieh has been made b the redbtrihulion of 
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itmUiif mmde tliG tiartU, diffen^t drtifJliiBs iib>iug ^he piuicipid roh 
ill tilts liypolheriia, I nipcul^ IiowctcFi Unit thc^ nrci tiienj lijpfi* 
ttiosL^ nmrie to ucconnt for tins phcnonK^noti, 

My own id^a ia to imfiidric tho e,\i^tonc€i of o layer ol ni&terjid not 
too far from tho surface wlitch is ttt or near a oritiail tetnpornturo, the 
In I ter bcuiij: iJofitiod na one in wlikh o obauga of ieji t|KiLrattirD 

prodiici?3 ft relatively Iftfgi* cliaiife^ oI volume. Tltcro are utauy auh- 
startcisa wldnli [nmesR tlik propmj. Tims n amidl change in llie 
interior eomUtirui of Uie earth might eoaily prod i ice a n^! a lively large 
change m tlu.** volume of the layer, eaiisltig uecoB&nry expiiu&ion or 
con traction at the only purtion which b freo to movo^ Timnelyi lUaTi 
alKive tiie layer. 

A change of voliimo eonsidorably Icsa than I percent in a layer witti 
a tljickiiefis of a milo would be amply BUfTieieni to take care of Ll>e 
mfiTim iim obscn'isd ebango. Incidimtally, IL imiy ho nyled ihat. tiia 
cliJingo in volume cousequont on any change in tern para lure give^ a 
rApiil nieilioil of transfer of lieat irj ii tuHs^ compehtirf^d of diff^arent mn- 
t4!riid$, for dutiiges of pressure are irnnsfetToH without delay and the 
mioling of a hut moss could be mude much more rapid in this way than 
by mere eonduntion. 

Tins hypothesis gives a incclianbin for mountain building wideb 
hiis fiomo raEliar atiraetivo fuatiircs. Tlie elastidtj of the surface 
matorinlfi of tbo earth h ainjily siiflioioiil in Isiko cure nf imy eiicb 
iiicrcaHU in the volume of its crust. Asi a nintUNT of fact, howm'or, the 
Hiirfiice b htxikeii and riai^nred in all directicins^ and llm effeci of an 
rspansinn would bo to ofiert tbeae fbsurca. Tliej would he partbiUy 
fiJlivl by ninticf rlrnpping from iilmvo nr pr^i^I in from bdnw. In 
any tasCj when the 6ubsf^q^mnt contraetinn camo, they would ant bo 
rtbld to close and there would necessarily be a bulging toward tbo 
Burfuco. Tlic ovidenee we have indicates tliat ibe major cliauge^ lake 
place at intervak of tbe order of a century or less, so tluit Lbe !*ftme 
flsjninss nre bkely to repeat tbeir aiicec^sivft opcnuigii and 
roaulting in siiccesAiva clevatioriLB of the jouae n«pon- The energy 
ntyo^a^ry for ibe procA^ in thus irtured back to the interior bent of 
the car til anil iho supply would to be at n pie. 

it is not onlirely Impik^idblc that tbo hypullu^k eoiild be tested if 
nnd wdien the next gre^d elierigo occurs * Some <!evico whieli touIiI 
measure very small chaugCH in the opening of a figure could certainly 
Ue sot up* If one costing anmll Bum only could he conalruclctl and 
ruimlHsrs of tbotii [lUaod in viirioua parta of the especiully in 

fliQM regions wliero mountain liiiilding is known to going tm, tbu 
mfdrnmtion !teotle<) could be obtamocl. In ii few places elakimie 
njochaniimifi with recording devices might be ^miiiloycd. f h any enac, 
mudi miprht bo learned concerning the movpmeiilH which nro continu¬ 
ally inking plavc tm ilie i^urfacis of tbo earib* 
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In this articb Uiq trriterB Imvo titu^niplcxl to guilior toguLlior in 
ODD plac/O suificiont infonnntion on tlio doctHficution of Linindor- 
cloiida* tlio cnijscd of tltoir fcirmation, anct tlioir ciisrwtDri^tTcs^ t<i 
^ve DUgtnoora JL gootvrol iiailcrsfcaniiiing of tlio lliundut^torm. To 
tliifl fi&il I ho writOTs Ivovo drawn ou tlioir ow'ti poraunuJ o.\|>cr)t,»iK«i3 iu 
ikld studies of li^itnin^ nnd lisvo «clectoil and intot|irolc<l the idesa 
of H tiumlior of invostiguLom w*lio linve prnwnioil tliuir AndUigs in 
numerous publkuttiuur» [niiny of wiiidi uru nut oni-ily uficesmliln to 
the uxatago eti^ttcer. Tn a niunher of itiistBnci'S, additional (iold 
data hnvo been added tu round nut or Donoborato tho findings and 
deductions of |>revious invostlgntom. The ohnrHetoristjcfr of actual 
tiumderstortiis nro described to anipUfy the conceptions obtained 
from descriptions of ''ideal*’ uiodds which, fur ease in understotiding 
their opcratJoiJ, jiiice^arUy Imvo to fa simpla. Finally, on explana¬ 
tion is given i» to how ii kjiowlwfgo of tUr cliarHcterislica of thundcr- 
stonns ami of tlm factors ofTocting their fonmatijun and travel can bo 
applied in lightning protection t>tobloina. 

RLCCmiCaii PTCTUHE OF !'[[£ TnUNDEHeTOJlU 

It ia dc^irohlo first to review hTicttly the operation of the tltnnder' 
cloud generator boforo explaining its fonnation luui iiharacteri$ties. 
As a heliiftil picture of iJiia gonerntor, Llie lower pert of a thiindlDr- 
cloud coll ho visualised os one plate of it physically huge condenser, 
the air os the dieleetiie, and the ground, or naoLlnir port of the doud, 
os the other plate. It must not bo forgotten that the doud hi not a 
conductor but consisb of a multitude of poorly eon ducting water 
droplets suspended in on insulating medium, the air. The charge 
of the duud is not distributetl on its surf era os on the platea of a 
metallic condeiUBer. but is a volume charge dbtrihutod on wnler drop* 
lets and air ions t.tiroughoui conBidcrablo regionB in tim cloud. 

Ttie dottd charge niixiurta to tho ground beneath and near it on 
e(|ual amount of charge of oppoiuto sign, ilctween the charge on 
tJie cloud end the chargo on the ground en elec tries] Held exlMa just 
os botwreen the cbnrgea on tho plates of any oUmr condottwr. Tlib 

* iin^fttf*} bf prnmkMfm IhAi Jhii iiwr^ Ouitk flnocdifafr m 
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ficJil iru^r^fiRiA lui ilw gi^ziui^lirii] pitK:i5«ft poe^s ciJi ivHhin tlin ^iloiid. 
Wlif^ii I III" fietil rt'iu4ie6 « I'lrrloiiii <jri(lcal vulu? it ilii^crhjifgc h«Lw4>{)Ti 
("I I Hill it ml wiFlIt Iftkijs pljirc, 

iiDM^ TriUKi»mcix>tja* *5 niiXJOME klkci'kti-ijid 

It U iiifit tlif? <il thundi^IoucU is doaf'Iy 

rin\mtU^ ^vnli tlm ttirfmlynl cortvtiftiori syst^iins which fynn tiiom. 
Thk WHS very eviJc^nt iliirinij an mlflnsivc J-yoar TitAd Btmfy* of 
tlnimlati^iormA mini a from a misinitaiti to[t in CijIhfiii Io by ono of the 

rilore uf lliis arlick*. hi lUo eouree of some 31KJ ^turma iliorD were 
niimoroii;^ oe^naioiL^ whan tlii^ almpo unrt nntwro of Uk^ filorm tIchh] 
and ii^i filc-niriortl Activity ivore plainly visibb ai Iho sumo time. 
Clouds with deiiise M.^fi1J-doToJopcd honib, showing evidence of violmt 
julomal convention systonu^ through miiiJiy and continually changing 
surf arc pttPtuf^oranceSt were practrrally always nctivo electrically. 
On the other hand, clouds w'hich did not indicate the prosence of such 
coarcGtion f^nstenis w^ero not- electrically Active. 

The exact niimner in w'liicli these convection cuiTDntfi take part 
~m the elrclriilcaiicin of tljitDilortlnud:^ b nni ramjileicly known. 
Til lit Liicy aaparaLe llie small rainrlmps nml clnud parttcleB frotn the 
large riiimlro|Ps, Hint that by doing so tiiny AeparAie positive niid 
negative electricity within the cloudy is fi^ncmlty agreed. But 
whether they catiejc the electrification iif Uje rauidrops by breaking 
them np^ or liy hringinp thorn into conlact widi each other wdiile they 
jirn iKsliLii/Aid am! then f^parnting Uiem iigoin^ or by liuljdug to bring 
potiitive and negative ait ions in contact with polari^^d raimlmpSi is 
a ccJiitrovcminJ Bubjccl, The Uircc fiest known theories of thtmder- 
cloud elriu riheatiemf euch involving uno nf tlic foregoing melhoda of 
ulectrificaf iorij will now- he dcBcrilieih 

fli3ifF&ox*.s BnEAErNG-ntiOe -rnEouT 

Rinipmtn’a ‘ * htcaking-iiiop theory of IhTirNlcrcIciud cloctrification 
is prnlmblj the hi^t. known nnd ino^t generally aceeiitcd. In this 
thixuiji n major nde is piayeil hy violent npw^fiTil nrr ciintintaT wbicb, 
for rcajions to lio explained later in the socliou on 'T. aiitteft of Thimder- 
Ftc>mi ForiuiiLion^^ exist in aclivo ihunderatorms, Tliese upw^ard 
air current carry up nmiftturc wliieli coiidense^ aa it rist^s. The con- 
deltairig whaler Ta[»ur romhines info drops. Wl^cn the^ attain u 8iao 
and weight such that the force of gravity can cause them lo move 
against flic rising air currents^ they fEdh doming with citlior drajra 
ns they fall, they grow larger and an iiicrrasingly greater number ol 
them are broken up hy fho action of the upwattl air currenm- The 

I tiWk i: A.. A rtmdiTTjf u« liDoaimi^iiiffifU^lljiaitlmr riiiqfmKf, BHMStofiliredT, ibiiiu« Oennsw im. 

I KltnrliCti. G. C.p. HlocOidItr of **la uni ku^krFti lA Ihtintlf^i Vh\L I'Iul mt. 

»L f p. ZTl-114. 
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m 

Ini^est clmfKt finally apjirDadi n tJmitm^; slx«. whioli HCCOnliiti^ to 
Letiard * b alwiit half a mitlincter in diamotfir: Dn)p« fUan 

tliis aro imstablo and booh break <i|> into many aninll dnjpIcUaumjimd* 
ing a ratlier lanie center iir\>p* 

In the breaking of ruin drope liia llte cdccirificalinn jinKress of 
tliuiidcrslorms according to &Uii]ieon, for he iK'litvc* Carnt tuia ad- 
vaitcad liilHiratory aspmnii'nte aiipiHirling Uie imlief) timt, wrlum the 
drops break, negative itms arc rabaaed into Ihc air whilo the •maU-r 
dt»f>s bmune poaitively chaigtd. The npgalive ions jijining with 
tuiinite cloud particles arc conietl upwoni ut the vdocUy of the air 
curronts and oto thus fpiickiy rcntovcij from the vicinity of tins 
positively ebargad rain dro])S. I'Jio rain divnia are also carried 
upward but at a slower rata until by rccotiibitintimi (Jiey again 



iKcutna targe enough to fall. In falling tliey continue to grow until 
they break up again. This liberates iiMire riogaiive ions into llm 
air and leaves a higlier positivo charge on lLg rain drops. 

So the elcctriJlcaiiou process goes on. Mure and mure negative 
ions are lilnirated aitd Irons] lortiui to the upjter nod rear reginun of 
Ike ihunckirstoriu. The rain drops urquiru a htglinr and higlinr 
]iasiit\*c elutrge nod acciimulivta in ttic lownr part of the ctciid in a 
rentricted regioti. This locntlati of tliis region is ilelonnined by the 
veliK'ity of the upward air currents; for, ajiico the largest drop wdiicli 
can fudst can bo supported by an air rohinm moving upivard nt a 
velocity of 8 iiiotcrs per secotul, no ruin can fall lUrnsigh rtgiyiis 
wbero ilic air movomeut is or|iiaI to or grralcr fliun that velocity. 

Thus Sbipann arrives at the ihundenitunii umdul reproduced tti 
figure 1, In UiLs diagrum, |iusitivc]y diurged vvnUtr drajH ticcattiiilal* 
in recoil // aliovs the region where air Tcloeitics ore 8 meters pci 
second or mure ftmlicateil in the iJlustralion by an ellipso Ht tlio 
base of region W), The negative clntrgv is distributed as shown 


• Lqunl, F, V4Mr I<«bd. Mltfcbt.. t«I. IL ii. JtW, tU. 
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Ofvcr ft muah tiirger region of tUo ciom) m tUe ii)i]>»r pitrti niul tlimitgh- 
dill nHM)t of the body of the doiid. 

Siiupcion’s naeasnreitients of the di(U^ on riiin drops mo in ngrco' 
tjieni with Ilia conceptlou in LlifU tliey show dmt ss storrn clouds 
peas overhead the {Ailing min consists dm of IniKc drops chaiged 
positively; next of a uiixtnm of negn lively dtaiged and positively 
chatgeil min; and, finully, a steady dOADrall of niodciiiie to tnnall- 
sbsed ni^Uvflly diai|n!d drops. 

XLSTKa Asn CiEITEl/s INFLUlUiCn THKOnV 

Elstcr and Ocilel * * ’ have postiitaioil a very different dicory of 
do lid cIocttiHcatkin, In which tUo upward air eumnU of LhiuidoT' 
atonnfl play im prominent a part as in f^mpsoa'a theory. In arriving 
at an iindmstiiiidtng of their thtairy, one can vbiiaJise tlie canying 
11(1 of aimosriherir tnoistiim hy ilin upward air currents, the fomui' 
tion of drops, their cotnbinotion and their fail mitch oa dcacribcd in 
Simpson's theoiy. Since tlic earth b nomtally neipillvdy eluuged, 
A eojianitioii of dectridty v'Ut occur on each w'ater drop by induction 
even though it is roitiottr from the eartli. *J*Ue liottorn of Ltic drop 
wQl be positivdy charged and the top iiL>gaitvdy ehnigcd. As the 
large drops ftdl throngi tJio upwanl tuoting air etnani, Mnallcr drojia 
tioiiig earned upward eonie in conUtei wtlh the lower stirfaec of the 
largo dro|tti. the tirgative top of eadi itrupkt cotiloeta tlio posl- 
tive Itottom of a largor drop, an cxdinngo of ctiargo occuis. The 
smaller droplet gains a positive diurgo whilo losing an ec[uu| ninount 
of negative charge to the larger drop. 'I'he sui alter drot)^ continue 
their upward journey gainiug positive chiugo at cadi cnulaoL while 
(he larger djro[w proceed downward gaining ucgalive clunge a» they 
go. Thus on aeiiuinIllation of negative charge occurs near the lot* 
tom of Uie cloud a* I die the npjtcr rigton lawincs pusitlvd.v charged. 
This theory b of interest in view of the faut-arettmiilating uddetiec' 
titat a very largo rnajotily' of the dbehtugos to trnnsmisaion lines 
arc from negntivdy chargn) clouds. 

0 . T. a. W|I^«'b THKOllT 

V. T, ii. Wilson * '* luis suggmtcd still another tJieoiy of tliuiiilar- 
clmiri eleotrificaiton. Ha cxploitia Ids Uic^iry by following the progress 
of the water drops through die rising otr currents of tlie iluindoistorm 
and attributes tiicir oioctrincatlim to contact with nir ions. 

< RbM mil IMUI, liidiHrkuBftii tUtarCas SlNtrfttam Vim^bdi ib imp OBivtiiirviilhM], WMct. .Vnoi 

13. p. Ita IML 
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‘rUM TUD.VJJjiUB'rOUil-UVA.NS AND Sl»KA<iniUS Igl 

Tlifine lire iionuallj present in ouch cubic eentinieter uf f lic fttntos- 
ptifira About 1 jOOO pusitiTe luiil 300 QcgAfive "amall*' iooa linvin^ 
mobIlilii!9 of slKtijt u centiiucicT p«r second urnler tlut action of a 
field of A volt jKj centimetPT, na wd! an l,fHlO to iK),UQ0 '"laiifo" ions 
of much smHlIer uiobtlities. Hicse [onn are, accorduig lit Wilaoiij 
greatly increased In nutulicr in tiiiindci'clourla by ionlsintion stlending 
the Bljflong elnc trice J fields in * 1111:11 rjouils. The [tnsiti^e iona travd 
WwanJ tbe iji^tively cJiargtt) eorth with n Telocity tiepamlwit upon 
the field etrongth in the region ill rough which they nn? psasing, 
Sirnilariy, the m^tivdy chftrgtx! iona IraTcl awny from Liio eortli, 

Wilson points out that the rain dropa fitlliBg ur rising in thu sir 
cuttonle of tho thundeiiatonn lUUBt moat in any sunh ions. llowe.TOr, 
for the defltrifiraUon to start it is nivccsiutn' to consider, ns in tiie 
13later and Ceitei theory, the aepnrntion of ciinrgo in dropfl due to tho 
rlTccl of the field of tho enrtJi. Since tlm ftnriJi fo JK^tirely charged 
these drojis must ho jHiluized with Uidr lower surfneo positiyaly 
charged and their upper surface negntivoly charged. Drops foiling 
towiini the eartli faster than the velocity of positive ions in tlmt 
diroction will not he ovortaken by Lltimi. Hiey therefore ram ri ot 
iifi<|uire Ik ]iositivo dioigo through nliractiofi nf siidi positive tons to 
dio uijpor negatively charged surface of the dnOjKi. On the oilier 
I land, the positiva tons wliieh ths ilrop ralclios up witli in its fat! will 
1)0 repelloil by tho positive charge on tiie huvor suriace of tiin drop and 
sn cannot contncl it. Nogntlvo ions, howorver, wLidi the drop meets 
will bo attractod to the lower surface «f the drop. The larger faster- 
falling drops by repeated contacts 'nilii negaLivs ions Itiua bocomo 
negativoty chargtid. As Lhcy accumulalo in the lower part of the 
cloud, titoir field adds grmtiy to that of the earth in [lojurudiig tho 
dro^ above thcni and tiiua aids in tiin electrificAiuin process^ Drops 
falUtig more slowly tluui the positive tuns w'Ul lie overtaken by Uiem, 
The poaitive lens aill bo attmcled to the upper tu^tivniy diarged 
siirfaeo of the tlropa. By repeated contacts tlieso droi» will tliua 
iMWme cliargiwl positively* Smaller droplots ctirried upward by the 
air currents will iikowisc become cliargOil ptKdtively. Diua VVUsou 
concaivBfl that, the upper region of n cloud bcicnmce poidlivcly diMgod 
Olid the fowor region aegatiroly oJiorgcil. 

\Vl!aon expliiina llm dtacrepaney lietwccn tiie npparent preiwtidftP- 
Aikce of clouds witli utigativi-ly chargeti bases and Simpson's nieasure- 
meiitu which show a preponflemnce of positively charged rain from 
tliunderciouds by reasoaing sirniJar to that just given. He points out 
tliat water drops below tlic negntivciy charged base of the cloud will 
be polarisetl wit!) iboir tops positive and their botltuus ut^ativs. 
This follows since tho negative cloud field will lx* much stranger tiion 

B UM, V. r. Th* ihenmi gpoduaUnirtf tbn MiMaetM IBM 0* U. VoH Xixinad Ntv 

Vtirt, UHL 
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that of iJjp eurili. Fulling drops will rhiiB iiltrnct («) (b«r npgftfcivti 
uniliftsnrfficw (lio ujiwsrti |K»itiTo tiiu^. Dr(jpa wliicli itro 

negatively ehiugcd when they leave the cloud tlifireforo may become 
pttiitivnJy eluirgetl during their passage to eartli, 

COMPAKIBOS or TilUSnEllSTOBM TIIEOIUEB 

To fnciiiLntc ccimpaH$f>ti of the tlirco ijioonea oulUnedj tiioj' are 
aunimariiced in tuble 1 . Of these theories the bro&king-Kiro|j iheon' 
appears to bo the most attractive. Profuse tireuking of raiiiiirops 
must otM 5 iir in the violeiii ronvcctiou systama known to lie pn'seiii in 
iLundercloutls, luiboratury eiperimenis have proved that when 
drojis are Imiken up bi an air stream liicy Ijecome elecLriffe<i. It b 
imturul Eo infer tlint a similar actJiin on n very large scale ocenrs tn 
thunderdonds. Yet tiiene is one serioits discrepancy, Tldfl U that 
Inltoratciry ej;[Hutments Indicate that the water dropia beconte jjoaitively 
charge^l in hreukingi and flint therefore the lower most aciivc ri-gioa 
of the thundcrcioud should bo a icgioii of positive charge concentrn- 
tba. This b in dxjreoi, (Ibagrecmenl with nieasuremeule of ihc jiolsfity 
of JJghtniiLg-dUchnrge enrroub tlirougii tjanambsion-lUie towers, 
whicli imlicaio that u very high [Kmentagic* of strokea striking irau^ 
loinaioii lines om from negatively chiugtjd chfudB. ^Vhile, ns Lewis 
and Fotwt “ Juive suggesti’d, then; b a possibility that the trans^ 
misaiou towora and lines may exiwt s directive action on strokes wJjcn 
the clomb arc negHtively cluu^scd and thus ciiuaa the high pcroejituge 
of negative strokes to towers, still the discrepancy b so great that for 
the present ilie breaking-drop iJitHtiy, in spite i;f its nltraotivenesa, 
caniiul bo cutnplotoly ocoupted. 
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It b [imhnlde tiiat all thme of the elee-tHfying processes embodied 
in the Uieurita deacrilicd ftccounl in part for tho eJectrifieotioii of 
tliutideri'louda. Wliii'h of thetti is the most ijii[K]rtantp bowevar, 
nunuol he decaiJcd from our present kiiowMge. As It. A. Watson 

“ W. Fenrt^# C, UirHtijrqj qq inumuitpleii lltK: flT ItUl. ilhP- 

r.nc. TntniL, B 3 L Kh flWW, 15 ». 
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WttLl “ Uas pquit 0 (] out, the (lifBcultlra involved in uhlaining' nceurnte 
inronfiJiLiou on Uio pnwaascft going on iu tborKlcJclomb iwb trotnpn- 
doijfl, nnd it is probable timt it wHU Ikj u long time before suffieiont 
knowledge cutt bo obtiuiuid to solvo tho problem, 

da^thb^’g TnuMutnaronu uodei, 

Bajxorji ** ** boa pro]K>afld a thiunJeratorni model, ahown in figure 2, 
in wliich u region of liigli negative ebnrgo conrcjitrntion precedci n 



f ^ loi glcfBtnc^l icb44x* 41 baiuLiTgMMlsi, 

r Afur lluHtjl.l 

region of Ligb pOKitive I'iiiirgo conooiUration, hI the from of Uio 
cloud, dojiflen Luie fdioUigrft plied ligliLriing diadiBigee wliiie roconling 
llio inHtAiitmieotsH fijubl cluingce cauacd bj tlicm. His results apfieut 
(lO favor Tlariorji'a stonii model, Pin to I, figure 2, Li n compodlo 
picture, tuken by .lensen,** showing two dimili urges iialf e miittiio 
apart at tbo front of a utonn. The elond b mo^'ing from left to right. 
The discliutgo to the right waa froru a negatively cborged region in 
tliD cJotid, wLilo Uji" one lo tlio loft waa from a poeitivdy clia>^'<i 
region, Tliin is in agreiunent with Dunurji'a prediction. 


i* H- A. T>ie tic«^ p^Utsa Ibi plMAidlrof Ijwdflnfeinu, ^pumi 

itfff , Mfiflorc^- vfii r7s pp. mj. 

ii a JL, ThadiidfiiMl 1144 «iiirhw»4 (Httfl. Jrtifa. lUf. 

m, pp. w-m* m. 
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rrnbP unconna 

Nf« 4 stimn 0 nt 8 of iJio dc^tricoJ Ikldi^ of thtiiiJfintnniu linvti a ill fed 
considerably to o iiF n nil croton ding of T.hp ojwration of tho tlmndor* 
clouil as. ftji elaotrictil gonorator, Soveraf inTesUBatora * * “ bnvo 
obtiuimd rocotNJs by (U0crant inotliods m tfio United States, liUigland, 
ItiiUa, StiuU) Africn, Japnii, utiii Swedoo, uU sluicing Ibo same goncrai 
typo of oiirvo, A lypi«U rcoord obtaitind by Wilson * Is 

shown in Rgiim S, Tfiia dmws the rcgonemiioa of the clBCtricnl field 
Iwlwvun n doiid and ttko cortb nfter a stroke. The curve mmiiids 
one of tbo charging eurre of a, cundeiisor. In oflmr wunls, Uie nv 
jjonoration of eliargok niadi niore rapid «t tlio beginning and doercoses 
with Incroaso in the sxDOunt of cloctricity aecimiulated in the ebarged 
regkm. This is c^intrary to wbut would be cjcpecEod if tbo sopumtion 



ua» WituKj 

of cloctHdty by tbo air currents continued iinbiRcEored. In such n 
Roao 0 sl.niIgi)l.lino itiCTCJise uf (diurgc, ami therofuro of electrie Gold, 
w'otild fjo o^poctmb 

WiUon ban ndvaneod two reasons for Uie slmpe of ihe cliaiging 
curve, Tlio lltst comHpouds to Uie i-ountor-eleetromotivo fotto 
prittfiiplp wliU'b lietonnlnes ilic ehopo of ibe ebarging curves of eoti- 
denarrv. As tlie dociriral flebl between the two ebiugod regions of 
tiio etourf iuerKHse^j greater tmd greater oppositton b ofTered U> the 
movctncnl of tlic Isugcr drops towanl (nwer leveb of the cEoud and of 
tlio smallur dmps toward upper regions. Tliis b obvloua heeauso tbo 
nogad^re ctiarge in tlie Eower regions of tliO cloud rnpoEa tlie large 
negatively diiuged i]rn|is wtdlo i.tio posilivo clinigo of lEic upper 
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THK AND «ct>:AmH()N 

rt^oitA fttU'lirts Uienu SinujHiiy, Urn smalJ p<»uUvdy cluttgiHl dmiw 
bfin^ Cflttiod yp by tbn aif rMirranb: arc rejMiUnl by (iu diiwgc nt tiie 
top of the dnud niul attriietcd by that ui the ioner port of tlie doiid. 
This opposition, of cottrso, inemtsed in proportion to the uicteaso in 
(iciic) 09 tiio centero of charge eio roploiiohed. Tbo second roooon 
advanced by Wilsoii for the loiror roto of field inoroasQ ha the dioign 
bnJldB up io tbcgrootcf disfiiptition of due to [ocnl ionuatiuna 

in the inteuse 6clils about rhatginl rc^ons oa Ihoir Toltogns orn 
increased, 

Sttinmanziiig, electrical lielcl mcoeuroincntA grnphiccJJy sbow the 
separation of cliaigo lUtd its accumulation In limited regiona in tiie 
rjoud; show how ttib cliaige k raniovMt or neutralkcd by a ligliLning 
stroke; and show how alter a stroke the idectrUtcction proceee builds 
up tii<* cbnige ugaio to the value noccasaiy to cause anoU:ter lUschargc, 

CnAllACTElttSnCS O? TnifUDICRSTORMa 
T«rNPfiBBT0aW9 

upon tbe approach of a thunderstorm, strong gusts of uind are 
frequently cxpcrtenced blowing from Ihu stum Lo'ivord the point of 
obaervadoii, In Ui» dktaiicCi lusavy rain can ho seen fallirig mth 
frequent liglitning discliargea oocurrutgnear the front of the rain area, 
as in plate 2, llgure L On Uia neonir approach of the etoitn, a iKau 
terod foil of Inige rain drops or possibly a light rain occurs. Tide b 
soon followed by a heavy dnwnjiour ueuuliy occooipanie*] or uurue- 
diatcly preceded hy tlio honviost iightaing of the storm, as tbe front 
of the rain area and Lhe lightning discharge center arnvn ov'erliemi, 
A» the etoini cloud is catriod ulotig witli the gonertd air movement, 
lightning poon starts airiking Iwyonil Liia point nf iibsors'niion, raut 
settlea down to a steady rtownpour^ and tlie ohaerver realinos tlint Uie 
worst of Uie tigbtaiug for that sectioit of tlie storm ia 

TbuiideratonnA viewed from a dietanco frequently etinw bcventl 
promitiont Umndcihends resulting fruin tbo furmatlorj of several 
coiLTncUoa systeins within them, Eacli of these systems may produce 
one or more lightning dischoigo centera. 'rherofore a succoadion of 
conditions niid cventa as descrihed for a single center k often oxpe* 
rieticcd during Uio pasntige of »t thundarsturm. 

It is apparent Umt in many stortns tite disdiarge centeru nra of 
rejativdy limit4Mt dimonAioitB, By knowing tlie vrimuty uF travel of 
the cloud, it would be possible to form a fair iwtimute of tiu' leng^i 
of a center in tbo dime lion of storni movement. As on illustration, 
asamno 21} miles pnr lionr for the velocity of a peiticulnr thunderstunn 
and 1 tninule as the time during which disclmrgeg were occiirring 
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dirflctly ovrrhcad* For tLo afiauiiJiHl cocut) Llio cult ter would be 
iihovit 1,SOO feet long, Some contort aro obtiously mucli Rreater in 
extent. 

Out present knowledge of die abapo end extent of lightning die- 
cborgo centers is too uioager to eaUibUeJ) n “iibuhI'’ siiw for cGiiters, if 
siicti a siae iieluiiily ocoun. They must very coiisidornbly from aloriu 
to utorm. U b importniil tlmt tlioir range be lieleniiinod, for upon 
thnir sbnpe nnil sued (b^penda the nature of the electrical Sold near the 
cloud. This dcctrioal field in turn iimbabi)' tnitiates the lightning 
stroke. 

When the discharge center is of liniitMl iljmerisiotis compared with 
its hdgfjt uliorc ground, the olcotrical field will Ito much more intense 
near die ciuuil Uiiui near the ground. In surJi a cose, it would not be 
expectutl that uartlu'd objects wotdd Imve jinirh ciTcct' in irutiaLing a 
liglitning stroke. If, on tlic otber liund, tbn dEtnetisifuis of Ihs center 
should bo largo compared wiili die height of die conler ahoTC grounch 
much more importance would Imco Ui be atlarhctf to the effect of 
grounded objects in eau.sJng strokes, Tiib infommiioii is obviously of 
eonsidorable importance in liglittiing protcedon prcblcms. 

'FLe polarity of the discbaige center near tho front of a storm accord- 
ing to Siiiipfwii’s dicory jdioutJ Ue |iofdtivo, while according to KIstar 
and Gcitel's and Wilson’s Lbeories it slinulii usually be negative. 
According to llanerji it ulmiild consist of it tiegativc ftY>nt cantor 
follower! by a positive run ter, Aldiough it has boon shown that 
93 percent of die strokes to transmUsiou Ibics iiro negative, yet nioas- 
iiioments of electrical field changes resuUmg from liglitnbig strokos 
indie ate a more nearly equal (fistrilnidoti of |K>sitivo and negativo 
atrokee. Indirect moosuroments by Nurinder ** of the polarity and 
magnitude of liglitning currants, made by meanuring the electromng^ 
no tic fiolda eiiuBt*!! by rttrokea, likewiae idinw n conHidtnihJy liiglicr 
percentage of fjositivo sLrtik^ tluui b indicated by measurnmcnis of 
currents in IrBnfiinhwaon towers. FurUier work seems necosaary to 
determine the relative frequency of oceurrerico and activity of positive 
iind nogntivo rtkcbiuge renters, 

I'ha mcaaurcmciiLfi made of I igli tiling sfrokes to truuamiailoii Jinew, 
using mtignctic links as a means of meaauremnntj liiivt indicated in 
many c.oaw reversal of current, Tliose rcflulU, together with those of 
Norindar, oouplctl with )i conalderntioii of the rirolinblo location of 
cbuid cbtttgoa, simuitiy suggest Uio posaihility of reversnl of [wlarity 
he I.ween eucc«tijvc dischatges conatitnting n multiple stroke. This 
rtiveraiJ of polarity may well result from various tapjdups of positive 
and negative aceumuhitbEis of cliorges wiiliin the cloud. 

V NhnwNr. li , Lle^iniqf curmu vid Umlt rviui^iw, Jutim ioMt., ¥(4 i>[k i g ^ /uLr 

litiLL 



tltE TlItlXDKUSTOltll-t’VAS?! AND McRACllUOX 1^7 
BainiKfi OF DIBCIEABOE CENTEIia 

Froitii (lie foregomg otie be Fcf( with lIio cotiReiirtaii uf & 

1.I111 tillerstottii prot-ceding over Ibo coimtty with one or ttiore tlbolinr^ 
ccutore tiiwaya iiininlaified at Iho stuuo loeAtioii? in tlm clout]. This 
ciiuception nuiHt lio lumlifitHl ttecHUiio, hb Uio shinu trnvolsi uioUture' 
IjuIcu air b not eormiaiitly supplied to tJic enitie purt of ttin rlotnl. 
Air id imturjilty siratined, and nonbotnogenetuujj ko tiuib conditiime ate 
not constantly fnvomblo in front of the coniofB for u supply of moist 
iiir, Topograpliicid condidons, dio prestrneo of rivers, etc,, also affect 
the position and anjount of inoislure-ledcii air supplied to a piren pari 
of tito cloud, a confloqucnce, the reruns of irreiitcsl convection 
shift about in the cloud os it travels. Old centers discharuje their 
rlccLrical energy nmi, since Um wutvoclion cuncjite Jiuve dtaMva^ 
r^’Htly, froali aociuiiulaIlona of charge occur more duwly. Ois- 
rhargea Lliarcfora ncoiir leas often or ceaiM', Meanwliiii', n nearby 
region in the doud may Im more faTombly eupplitii witli moisture, 
A convecdon ^tem of sitlTicicnt hitOiieity to electrify the rain drops 
and separate tlio opporitely charged particlea tljun devolofH m that 
region. Thus a new center ia tiom, and liglilning discharges occur 
front it. 

FAUIUES or TttUNUEtlijTUtttlB 

When eomUtions «vit a wido area arc favortthlc fur the fortruition of 
thunderstortus, a numlicr of such storms itiay be formed iind several 
may pass ovex the saiua n'giott within on hour or so of each olhcr. If 
these occur at night and (lotiplo are not in n laisiUim Ut wnbrjii tlic 
storm uiovejuenl acctiratdy, iliey fnupiently get (lie impn^on that 
the same storm “hangs around all night^\ payhig iJiem repeated virita. 
Actually, thr general idr movement at the clnuil level hoa carried 
them o succession of storms. In the doytiniv sH'vernI nieinl^em of a 
faintly of aueh thuiidcrstorms can frequently be socn Kt one time from 
good observnlton points, 

C.41fSE!t 01^ THtTNDKflfjTOUM FOKISf.tTlON 

Thu ncccssarj' coudltluns for the forma don vf a thuudendoud an; 
( 1 ) (lie preointcc of aiifheicnt inoisturo in I he ntiuoaphcre; ( 2 ) Ihr 
presence of ijiiitoorologienl and {or} topograptuegd rmuLirinna favoraldc 
to the movement of luoiature-lnden air up to the condfieiMtion level; 
and ( 3 ) eonditbns favorable to the formation of sustniiied alrong 
upwonl convec lion ays ten w. 

There oro five generid typee of ihundoretonus, the type rlcpcnding 
on the imture of (he meteorological and topographical conditions. 
Tliese ore the heat, the titountain, the cold-front, the i>veinmnlii[g- 
cold-fmni, and the warm-front thutidemtDrtns, 
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Tail asAT TaaN'fifiuaTO&M 

IToi hiiniiil ilayB wiiL Ihito or no gctinru] humunf.i'i] muvmueut of 
itir tiuur Iho eurlh'a atif lavorAljli; to tlio fomiation of liool 

tiiimdi^tvlorinn. Siirh rtaji's aro likely to ofK’.ur wlica Lonzoiital pii«s- 



suK grtiUieiilo art^ weak nml Uanperndirc ii; higit over <<:(toadcd tvginnn. 
T^picbt ine4eoit>1ogiiMiI rioixlidoiis of ihia diftmeter tao UlustrHtof] 1>y 
tbn'wnath^nihp nrprodncGcttQ flgiae 4 and descrihod by HiimptiTWA ** 
in Physics of the Air. 


^ Elumi^n. W- i.. $*hrM44li4 Jkllp iH4ftr(w-llU] Rnik ItajKir fcflL» 1939 
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AiiMlLor unptiriuiil, Juuel W ButisfiiPtl IktIopu 4 hcut 

lljiinUi'fiiioi’m cm occtir. TJ^ Is ih^ eal^lplbliiiumtp in thi^ nsf^u^ 
whore tho aUian ariigiiuttG^^ nf m dry tidiAhatic or aupcradmliaLlL^ 
truKiMfutur^ gradient fmni tlu» ourdi iii> to iliif dimd levcL That isp 
A condilion must he in whioh iho IttiripurfiHiire of the wr 

<t(wraftM» with in height abovi? the eartli «kt the annto or u 

greater nife thtui iioautUTHtotl air, warmed at the surface^ cfwls as 
it rises ttDd expandfi EiiljjibHtlcfllly.** Tlik rctinirva LiiiiCp for nor¬ 
mally Llio rule u[ of uir lemponiiiiro vriih heigiit is ouly 

about Imlf tliu retfiiired dry mlinUiiUe temperature gradient. Fro- 
quentiy u ilny or tw"0 of h^^t weather aeemB to be ui>oefiS 4 try before 
such a gmdieiil m\n bo ^rs^tablblied liy progroadve couTcelion and 
muring of tho oir. 

When an a^Uahatk gnulient is i^tabliahed^ air heaiotl at tho tot- 
faee oan riso to tfie eondemaitbn lo\*eL There ita moisture will 
bogiti to condense mid in doing &» w^ill ba lateni. best of 

ixmdoiitmtion. Tliis heat wamif^ the rising column of air. Tho 
resulting tcuipcrAture differsl>e tween the riring colinun of air 
ami the ^umnm^ling air iiioreases the upward air Etinvemont and 
helps to pmdtjce the violent oonTwliou inscc^ary to electrify doiuls. 

A heat tlnmdorstonn will thiie form if (1) a temperalum gradient 
equal to or greater thaiiL tho dry sdiabatio has been cstabhaluxJ bo- 
Lu'Acn the ground oiui the oondcnsatioii loYoh &} the goncml borU 
£onlal air movernonta mo mild enough and other condiiionG aro 
favor aiik- h> tlio aLr(»ng local heating iif Uni surface bit, nmi (3) if 
Lids air m)nt.Binfi eiuiTicient moiaturo. 

kiotn^TAtN viiuKDnmitOHua 

Mnimiiuii ihundcrstiinua iiro closely rriatetj to Iii^t thundcratormd. 
Tiifl slopes of the niouTitain are hen tod by the flunks niys* They 
rcradlate this bant energy at a longer wuv^o tenglb whieli can more 
roAflily be abeorijcd by the utm(.Tsplipn> than tho aun^fl direct aliorter* 
WBVo-lrngtli radiattmi. The air near thw niountidn dopes U thue 
hented to a tenapemturo ftl>ove tliat of the aumiHiuiliig air. Tlib=i 
rolativdj warm column of air can be i^iiTpaml to tho warm air io a 
huge chimnoy tipiied ut u oaiu^ldt^mldo angle from the peiiicndiealttn 
In a chmmey tho differonco in wchriit <jf the eolumu of warm air 
within the ddinney compared wriili a ctduiitn of equal ftrea anci heiglit 
outfida of tim chinincy flUpplics thp iiocotasarj' pressure to foive air up 
the diimneyp ShniUrlyf the grpato!- weight of a column of relatively 
cool air hi tlui free atmosphero at a moderate distance a moun- 
tmDp compafed with tJio w'aigliL of n ooliinm of the warm air near the 
suHiico of tho mountain» in a pressure dilference forcing the 
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warm moistiurc^a/tkn air up tlia mauntain rlUa ami rowanl LLo cou- 
dut^saLion Icvfll. Tliis ehinmciy action uf u mounipin Him aids grr-ally 
in thundar^iomi formadon hy making H nnncoasaary to osLahliiili an 
ailLabalto lomporaitire gradiiint Lhroiigli tiio frto atinr>£pliorH up to tho 
cliind lavaL An oxample of a dnindaratorm farimog oy^ a umimUin 
i& ahown m plato 2. figiira 2. 

MOUT!Inins aleo aid in tho fonriatinTi ol djiimlcr&tDnns by deflecting 
op word the nir maeacR wtiich are blown pgamirt diem. The kinntic 
onflTpy of the moving air carriGs it up dia toward iIlq eondonsa- 
lion IftVftl. 

conn-TOO^ST TnuKn^ELaToaMa 


In many nc^fkiiL«i of UtiHcd Stulesa after a periial of wann^ 
Immid wradiorp itiunderstiYmis frequonUy ocoor followed by clear* 





l^rum f*j itHt «rtfcM (t) fjHHwrtjiw iiiMiiirti • bxm.rtwm miwj*. da«iwiw 

UMtarirf-rmtit djui liw inuu.nruju. v[.. *it., rrin* 

tool, dry wwillit^r. Thcao muy onaily bu PotiftJBctl wiUi Lenl llumdrvr. 

Sbicso brfon* ( heso stonos l lio lur is w^jui oitij nioiflt wliilu 
after fJn; stnrniB it ifl cool, ilry, iiud cluar, ii h pflriiaiw rintitra] «o 
HKirihc l.tio cleiiritijr of fbo utmoapljorn to t.lio tliimilorstonn, ActiinJly 
M loi^a of cool dry nir lias movoH into Hie region and roplooed tbo 
warm liumid ntr wlucli whs tlirn* previous to the atorm, and in doing 
so lias B1UI3*,! thn Ihundfinitonii. Ttio cool air is usually of polar or 
ncflr-polar origin and is reapontHble for the bright ploiir days following 
the Btonii, Ttic warm Inunid air which ii iv])lBct .'9 b fjwjucntJy of 
or ncar-tropica) 
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^Vs filfttiiLl, tkiujilivrutonua firo o&iii4«Hl by llm lustion lUu cuol 
dry air luaaa ou tbs w unu It umkl air luoaii, Coul air Iravoling from Un: 
ncij'tUwcat idoitg till’ rtsar of a low (low-jirvisin'i' nrou) oTertakoa wwjjt 
air froiit tlje fniutU and soul.bwi»t into ihi’iKiitt.lii!rji yerior of 

tLe LOW. TJie e4trfai.‘a tiloiig vrludt Uia fmnl of tin- cimiI air mosa 
makes conUMit -wiUi Lho vrorm dr is called tlic cold-rrnnt,. [t is along 
tliia '^uall lina” nr stomi linn tbai tlio Ihumleratoima aj-e foumed. 
Ftjfiiro 5,* * iwpfodijfietl franv N'litioDal Hasoarcli Coimcii Bnlletia, no. 
70, ehou’s liorbuintal uml vertical sectinjia ihrongk tbe cold* uml warm- 
IruQts iLllcuilinfr a low, Io eocliou (a) a view is skown looking down 
from above Ui(* iwrtU upon o Lovr, Itofcmng to tliat part of lUv 
diagram wUicb lies to tim left of tbn daslud vcrtiait liiio, and dinnnanl’ 
iiig tbe part to tlie right of ihta line which will be described ttndcr 
*'Warm-front ThDuderakirms", tho cold front is indicated by the line 
extending dowua'iird ond to tin? left. A vertical secltoii through tills 
cold front b shown in tlio lower left-huiid sitlo of tigure &. It wilt be 
noted liiat ibe cold air ine^ has iin overiuiDgiug ftont- 'rhe oveHiimg 
fie^muitly may be -1 miles long.** li n^siilta from retardation of Uie 
snrrac.e air Inyora by friction with tho ground ami vtinivopjent over- 
rutuiing of (Itese layers by tEie foater-moviug higher air. Warm air Ik 
trapped lH.'neatli lids uverhangiug front, fn tlw rcaiilting inshdiility 
due to cold air above warm, tlie warm oil- rises rapidly and forms 
strong convection systems which often are of suifieiont mngnlLude to 
produce tliundcTatorme. via the wedgo of cold air advances, It u1se:> 
uiidorrmiB the worm air mid forces it upward, coutiibuttug Lu lids way 
to thumlerstortn fnmiutiotj . 'rhundotatirntisi fnrmcil by tlu'se 
nro culled cold'front Uiunderalomis. 

ovfiitEtrNStrio-cciLJV'FitONT TiinstnmiaTOitus 

When, itiBtuinl of tin’ front nf a coul uir niasa ovcrrumdng a warm 
inui^ of air iitutr Liic surfuco of the grtmiid, it Jotst so at a higher level 
for ft tit2mbcfr iif iiiilcs iii fronli i>f tlic Burfai^*' cold^frout* tJio urwttthh 
coiulitions ot €oal air alK>va warm mr rkot occilt over u much larger 
aren^ I'liujitlcrfatoniiB whtcli tyctrUr t]C{:uUBC!> uf L\m citmUliojl ilW 
railed ov€rniiuiiiig’H^o!d-rfoaL LXmikduri^lortm. 

11 frutpii'ntly hajipms tliat uli^jiil til Utu wunu of a tow 

Ihori- a region nf rt'hitivHy cmil air, Tlsi> front of the uilvunciu<; 

Wfinii of air is catM a wiina-rnml. [t^ [i>cariuji m nhowii m 

flgiirt' 5^ rtj by tho Hue e.'ctending dowiiwunl mid to (be right. Tlir 
^calo of ihe^ diiigTnia cause's tJi** vrami-frunt ami Ihft caliUrtml to 

« UlitftiM. I.^ABttlCkdtMTiJI < iJri^i2irt li<if^r|TJ4>in«saattupt44iTt1rravf Ibpvicv 
li uv I. 

■ ihPiHrIh lit NrtE lit* r^dfir. Rfcill.i ^ ruidliluM I f Kml.Xt=ml 

WiHiltrBVtOIl, l> OivlhQI' 
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n[)|>p.ar elus^ Actiiallj', Uit' wnnn srotdr i9 rnv]ij<!tilly iwvitriij 

liuniJrtHl ruilefl uRnnHs f!o llmt ti ilay or mon* idav ^o by aIut the' (»up- 
H4gv of A w&nit'froiit before tJie eoltj-front nrrivGA, 

Befemug lo fipire 5, the worm nir nt tbo fmnl of the i^'arni 
sector is forced upwAiil orcr tbo rolci woclgo of mr olienri of it. TFio 
Ithcnomenon ie much morn grodiinJ than in t)io CAee of tiie cotd-fmnl, 
and froquentiy several bouis' wamuig of its ajiproanb is pvea by ibu 
cbnuges m Lhn naturo of clouds &s indicated in t1i« tliogram. An 
obsert'or at 7t would lirBt sw a few wiRpliko dmts obiids liigli iiFmvc 
I dm. These would iitcrea.*^ in number until they rotinnd ii Eiigli 
unbroken layer of rionds. Aii Liu* iv»rm-fmnt apimmcfiod insurer and 
nearer, more and moro mouilure would he araikblo for cloud formation, 
flud tlie clouds would gradually fomi ai lower and lower levels. The 
grail (lal ebange from scattered eiiros tlirougli dttoatraiua, alto sirutiiA, 
emd stratiis to nimbus or ciimulu uuulins Lhereforc givee ample wuniiug 
of a coudug disturbance and evidonee of the nature of the dlsturbsm'O. 
Tims, on observer foiuiliur witli cloud (ypifS can fmjiiiuitly predict 
the coiniug of rain witli possible ijiujwkrahovu'n* after obtierviug the 
first two or tliree Immsilioriit of tbotloud lyiMso nietilioricd. 

Application of knowlorige of tiimn- and cold-fronts sboidd bo of 
value to those inteicstetl in predicting the weather front United 
States Weather Bureau maps. liy rcmenibcriug that the wortn-frout 
iine tuid ihc cold-front bite meet at the center of a tow\ and that tlie 
ivorm sector lies to the south of the nerw, the iioFition ipf the fronts emi 
he apjmi^dmatorl on ilie wealiicr uiiip. Kiiowdedgi" of ificir locntiium 
anrl indicated stntngtJj will aul eciriaidcnibly in iiiukiiig iiredicticms 
from the maps, 

MATKTENAires OP TinTXUKHATOIlMA 

tiumjjhreyH bus siiggestod n |,ilaunili!o exjiliination for tlie iiumijcr 
in wliiclj tlie dcctricid activity of o tlmnderstonn is niomtatned os it 
travek over the oouiilry. Ktfcrriiig to figure fl, from Ilumfilireys' ” 
Physics of the Air, two main nir currenia are indicated. A slr^mg 
relatively cohl ooluiim of nir, formed as tlui rtiauU of cooling by eon- 
tact with cold rain from high witldu Hic cloud nml evaporalinn of ihbt 
rTiJti, descends from » region near tin* fituit uf the rain an-n and prossee 
forw-ard near the gnriunil in front of lire mlvancing storm iw slrewri by 
the riow’ll word ami wh. 11 ac ta mi a b ugo m oving wwlge forcing warmer 
moiatunvlad™ nir tip to war'll tire cloud os eliowii by Lire U]jw'arJ 
itrniwfi, find thus maintaining its supply of moisture. WitJiinit tliia 
the storm would not be nuiintaiuini aricj Ure original Mippir of moifr- 
l ure hod fallen in tire form of Jidii. 

Tire moveurent of cool air downward wul outward froiji tho rain 
area of a thiuulersfnrm, as dcacriluxl by UumphroyB, is frenuouliy 
indicated by the iiliH|re of riia rain line when a storm ia viewed from 
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till' aide. Th^tfl} in iho ihundmiujiu hIjgwii m [duie ], figure tfie 
tluwuwanl luut outwanl aw^p gf tlie min liriB b uudoubtodlj due 
eudi dr nurreuta. In thk particular pbutograplij wliirb was tak<^ 
by ODO of tija aiithora from a moiinlfiiii U>p in norUitcrn IitaliOf ilia rear 
of tbo ram urea Ls sfiown. Simitsr air currents blow fix^m tlio frouls 
of ibimderstonna. By asdumitig Lbat tliis phetogmph shoirB the 
fjtmt of II aUirni moving towaril the right, the ehevdhkv iu:tion of Uie 
lur currmb can he readily vumtiUzeil. 


Tim upward muvemoat of wiimier iiirj whkb b tiiused by the 
slinvcl octtciri ef tlio cold lur c.urmut«, ia made evident by Uie upwanf 



rifjimi t^Odmqd^ m4 S^ fil 11 Imndiifntarni ibmilni 
mhmh belli iQjantaUl ibm RCam Ji^ BMinilhlB idr a. dmiblllif ih; Cl 9t« rdl AHiil 

IJf hfctt; T* Lh mulirhtf i ni ft pAiamj Jtm f*Ma <Anir Jifctnii,tirrjiij 


uf AniiiUvIaud frogmanlAcnUtii bciiiI cloiul wljicli fraqiiontly 
oiv jiresoiil Imlovv tiie duud ciititil Ituse, Al liuiea thfiso can be eeeti 
moving up towanl Uio olcnid base al very Tcfodlies, The 

presODce ef iJie fuSjacciil upward and downwaitj moving air coIuninR 
is also shown hy tlie ratatioii of a mass of condaueetl vapor (called llio 
h>il Hciiil) whirlt b Botnetioies |iliunly visible jiist helsiv Uie cjouil base 
ul the front of tlio tain area. Its (Uroetkm of mtation Mid hiration 
are shown itl in figure ft. A roll imjuiI rotnlitig as nhnwti in Ute 
iliogram bus tioun seen at tha front of a aUirtii by one of tlie attthon} 
during thunderstorm studies* in Colorado. 

Tfti liVDKHdTOIlM ritKDlCTIONB 
VIlKlItTIINcT 

An ttsUnute of the nuinlHir of tbundoretorm days Ui bo expeeUHl In 
any initi uf tlie United Sutr-t jwr nmnlb and poryear cun lie nntde from 
Alcxaniler^a ** bokemunio ** nm[iti, nluiwn tii ligurea 7—11. Tiiew 

If W. IHitHliuJiliii vl Uut«dinintiii ha tte C3ial«d Sioltm. Moil Efff^ tuL IX 

I* Rqiiif hequoDCf 4rif UmedunLiMBi 

—u 
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rwfi« T.-«rql|M» MmiiKlk ttM|41»1 i4iwi lt» mmitn ^ thpixlmenn )I>ti wgiinlllC 
iHHtn I»fnr 14 k »fw imtoi im-tL nirU* Uw Dumtiim m> iSm unw v vLuih iIk vmtMM 
iMuutiH Hi ililiadM-rtuilij ia li# Et{jip9U«J pm niAfvIk lAlto iktunrt^r j 
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inups vroro prepurcd from United Sla Los WeutJjcr Botoau fccord.-* of 
tbimdurstorm occuttgujco ai ^tutionif iwiittered over llii* United Stntos, 
The records covered it ^O-yuar period. One iniiiii,, of eonrso, know the 
United States Wenllinr Burvitii's definitiou of ti thiinileiatorm In 
onlor to Interpret liio eh arts. Their ohserrers tcere instructed 

report it tlitiudcrstortn if they coiitd hear iiiututer. I’iiis prtibnhly 
limits the ran4;i‘ of utu'l) stRtion to n rouflily eirculiir unen frt«r|ijejttty 
not ovfli: to niilo9 mid probably tiover over 20 miles in raJiiu, sioco 
it is doutiifut w'liGthcr Llitnidor can be heard farther tliiuj that. T)ii,‘i 
riingo would vary (jreutlv front siuQon to station. SUition* b noisy 
lttrati(iu,t In lari^ cUlea would pruhutfly report fewer tltau ilie nciiiai 
number of storms im nceoimt of the uuiAkiri^ of the tiiunder by other 
noises. While the dntii urc utibjtMJt to ilu»c limitations, still they aro 
the best aviiilable on thunderstorm occurrence in tlie United States. 

Alexander hits (vviewed his monthly UiitnderKtonii maps ast follows: 

PiuiOR tlm winter monihi—Diivciiitwr, Jaiiuitry, anil fVtinmry—thu OL-nier 
ot thuDilLfvtonu oettvliy ftir the Oatted StAlin la tu (.lie vicinity at Vlckjglxtnt 
CMisa.). (q yebniary, Iwr^vcr* Uh gcDoml t iiundfintorm oivii teuilji to Uriti 
coDthtauitwAnl, wttli * iiuu’heil •ucondiiTy' over Pcnekcola (Klo.}. in >Tnrc1i ibe 
cenler of activity la atlU oww tint IfrwKir Mt^iaslp|iJ V'allcy, with tbv jo'ociul atorm 
(uiiia cproulLfti! rapidly aortliiwt over the Tl'inw^mce niHl t>blo Valltiya. ta Apilt 
Ihs miter appeani to Ijc to tha vlnlolty of ShrevDjiKut (£«.), witli llic f|cnirrat jttca 
•prvadirifT northraBtovora krjtq part of the IjiaUrni atnlrs. but aim uorih and weeitv 

The itilenwtins thlti^ about the May ctiiirt J« Iho definite aiwwuitBce of Llie 
primary ecriler over Taiiiim tFla.l, and a rtmnx nwondary oter the loavr plama 
StiiLea. fiiwii iliuiuimiUirni activity iiow jim valla over the entire <is«ti]rn half 
of tho country, sicept hi thu Canadian iHinler StaOn, ineludlna the vrliulii of 
iinw J'jigland. There Ik uIv* un incTraaed aerlvfly in aveium Mmitnnu. 

thirln^ Jiuiii thir ttuioitmlonn area cuiillnuci tarpn^ad northa'aivl and oovera 
llie entire etiitnlry east of tlie Roelty MoUiitalna except pneaiyy the extreme 
nordiDiut. Tlip ecflter of yrt-alrat activity le In the vicinity of Tampa. One of 
the ■inririBiuR thifijta revealrd by ilic July ehurt it the innniaifed acUvlty 
over tfie Kucliy .Moiinlain .States with a twcundary over Santa Fo {S, Mei.J, 
aliHuat a* irtroiv|r aa the prliuary over 'raui]j«u Miu'lied activity alao contlnim 
In HoiiliiwtwU'rn ^foutana and In Ha* vlelolty of VellnwilonePhri. Thedlittrihu- 
tlon in Aii|0iitt i* very murh the mjilc aa in July, hut aliL a tiotahl* ilrcrrew in 
Intetiilty alMifj the tiaiuidlan twnlcr and 9 marked weafcoiiini; of Llm nouler uvpf 
Hniita Fe. The Iwfi ciialiTii, at Turn pa mid Smpia Fe, poraitt. thou gh wvAkeninp 
LIuourL SepI ember. lu ' tetotwr i.iie ernjllu'aauin (Tafnim) .-enter aetinia to 
have dropped n lilMc aouLii and J< now ovoi ICey WmI, whila llm Simla F» 

Tlbo rliBapiwaTcd or nhlflrri to eastem Toxm Jiful llw amitbetn plain* Siatee. and 
thfr {cnwxal Htonn arva Li nipidly dimbdihinK. Iti Xovomber, aa tlLirlhK thii 
will ter I non I ha, the active arm la ever the Inwrf MiHWpp] pint Ohio Vulleva. 

triiart 13 {it.].rvilui»d ae Diiitre 1 i In LIUa aTtli-h»J, whkb ahima thn avenifev 
Annual iiUiulriir of day* witli tliiuidciatarniji Uiirinjc tla' 2ibyear twrliMj at a Inutii 
mimtwr of ataiinne In tlm triKwl Stales and Caiunla, ha* a'mitulier of latvreatlni; 
featitrr* ami In w.irtby of ronattWablo itTidy. N‘oic that do |jart of the cmitilry 
li entirely free from ttiuiiilifnstt.tms, iilthmi(th 1 licy are eompprailrely rare along 
Ihe rniiJfic ccmuL; and that I lie re are iwo eentm of uiailmnti) arlivity, one over 
Tampa, wttli an anuiuil avorai^e of .Jnym wilb ttuiitileiatunuff la the 30-yi'ar 
iwifMi, anil the other over Santo Fo, widi an avcrosi! ofTSduFlfiKiheiuuLe period. 


Tim F.VANw wi j’i.icnuoN 

I7WITJCU STATftfl Wi^TJlEli EiimKAU NtKJJlOTtQHii; 

United States Weniher Burtiaa slatiooB scattered ovur \lxo United 
Siat^is make daily t^IpgThfiLir exrJiiutg^ fif ijifrtrmntjnn on k*itiiN>ra- 
Uim, pDc«??ijrep vnml^ raitii Ikiindnral^irmflj etc. Yttiin thi^ daln^ 
westher nlnirts Hro nisiile tip fmiti wliieh wetither predictions for eiich 
section of tlir country are miuln. Tiinfi* iiitrlitde tlie prodietion of 
Uitmdmtorms und are tho best nvailnble. It nmst of eowfsc lie 
realized tlnit these sintious predict for areas covermf; many square 
miles. Wliito each ropion is anbdirided into sec lions for purpasra of 
predicttoii» it cminol bn oxfiectcd that all porta of eoeli section will be 



rittOll IL — listsiufLiJa map bvlkvfaq ttw imiiiitwr vi tbuiuVjfiiiTmi ia tw viiV'inl pmr 
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aidijf!CtCi] to the some weather conditions. Tbo^ interested In predict 
tiona covering n very looaijjsed territory must tlicn gupplotiioDi the 
WcJii Lcr Bureau prodictioiia by local observatTons, W^itb die Weather 
Diueou'ii mforniaticin irn nigtoiinJ atmoapliene candition^ os a bosoi 
and with an acqulml kufivpdndgv of the aigtii^cfuice of prt^diiro, 
tcmperaiurcp Iiiiinidilyi winil direction, type of doud^ and degreo of 
Atmospheric hazi% it b froi^imnity possibto to predict ilia ocrarrcnce of 
thunderstorms several Louis in ad vanqe. 

UmECTION OF irtAVf^, 

Prediction of the direction in wliieh thimderstonns will travel b 
frequently very desirable* If general air movements iit the dnud h'vel 
Jite esttcjnflive. oa b uauaily the case for eold-fronti anil warm-front 
thunder^ioruiap the direeiioD of tliundtrr«tj(>rtii iravd is cosily pre^ 
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dict^blo. Tli^ Ihikod^mtortOji will earned olcakg wiUi ihtf gencu-nt 
air minTuiriit. Tluir rnovemant wUJ tberi he ditr tuLmn m iUc 
tion of doiid travel directly ^k^ortiiMid (obscrvntiDtis of doud move- 
tDcmtti at a cotuidornbSa anglt^ from YartJr-al maj re^uli in Urj^ 
tiiTdrM due to perapectiTe), 

lo tliB c&Bc of heat thuDdor&torniaj which oixur most fraqueotly at 
Limits li'ijeu tlic gDiK^ml air moreniGDtja am mmor^ it b mora difncuJi to 
prtHlicf. their direction of IroYeL Dime thin of cloud imvel civerheml 
b liul[}ful hut not coftain for kwiil toi^ograplucal cuodilioua and air 
gvmerat^l hy the atorm itsidf may aanUy cause ehtrui to 
tnke an arratic cotirae^ 

BKvrHrrT 

The soToiity of tlkunderstoruis depends u^wn the extent and violence 
of their convecdon ayeleim. This in lam dc}>eixds upon the maf^i- 
ludn of Uiii tc-mpernium lUfFemncea Iwist.wi'ion tbo warm mubluro'tadcn 
air and the air through which it ia carried by oonveetionr upon the 
moisture content of Uie warm aiTj and upon the velocity of the general 
flir tnovcjficni» The mtansHy of cuEd-fronl^ overruiiiung-oQ!d-frani> 
uiiid wnrm-frODt can ttius pradtetod qnditativoly from the 

tnognitiida of tJia atmospheric instability indicated by Weather 
Bureau [nensiiroinoiiljiH The intensity ol beat thunderstomis can he 
(pialitativcJy prodictod from the huMidltyp the temperature^ and dia 
mildnc&s of the gonoml air movement. The ocourr^mco of high humicl- 
ity, liigh temi^craturc, and lilile nir movement Ls favorable to a 
iievere stonn. 

APPUCATIONS or TfllTNDUlKSTOUlbl KmWLEDOE 

VRAKaMreSlON-LTNiC liOCATTOH 

Wliilr the mimher iif rotace by wliich a tnummlsdon line can be run 
between two IcMmtions is limitcdi it ia [wBeible that under certain 
conditions Bubstanibl dei:reaae(i in ex)x>aure to lightninc: might rGsull 
from changes of a fow miloe in lino tofration. This is parthuliirly true 
in regions where Liiundeistorms follow preferred pattm. Wliothor 
tliey do AO in n edven loesUly dejicmlA to u large extent on the chief 
raitno of atoniuj thera. If thimdaretorms are tmunlly of tlie heat typo, 
or the moiininiti type^ tliey may well follow auch pAlIis, for their 
fonnaiion dopenda on lecal favomble metoomldgienl and tO[>ogfiiphical 
eonditJons which tend to remain more or toaa the s^me. In tbo light 
air movcinonta provdiing when Htorms of this typo arc fnmieth 
land and idr conditLona Imve o much gnuiUr infiuence un their ilirec- 
tiun of tmvol. If. on tho other handp Uiimdemtorrtui tlml vialt an 
area are uaiialfy of the colcl-fnDfit or wnnn-froni typo* prereriTd paths 
wnll be much leea evident. Their formation drrpandB on the iitter* 
action of nfljncCTit cold-^ and wanu-airmaasos often covoring himdredn 
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oi dquM^ miles. They nmy Lbiis form ia wiildlj scaiteiTed loL-mUom 
witb compnnitivcly lit lie reforvuro to loval iapcfgnk|itiirji| I'^ndilJorui, 
Their dirertioD of travol will [loarly be deteniuued by ibe 

gfnioral air aioyemeoi at cloud loveb^ 

In n^oiis whent (iiuDdDmUirmi arc of tbfi h.mi or mouutfuii iype« 
it may be desirable to consider ridge*top vejB^ia YiUlej^deor ToUey- 
bottom locations for imnsnussion Those etonns apparently 

often tend to foJbw ccrtoiiL ToUeys and riTCTB. In traveling along 
such rallcyap many more strokes may etiiko into iho vallojs tlmn to 
the ddos and top of ndjacjimt niountiuns because liglitning lUsr.lmii^e 
eentem nn* often of IkiiJtetl dimensionii. Thk conilitkiu baa fro- 
qtientlj been seen by one of the writers in ibimder^terni siiKii^^ bi 
Colorado. Locution of linm along ridge top^ nmy Uicn in \tm 
expoanm lightning. 

In n^ons whore t bunders tornciis are of the cold-front or warm-front 
typeSp the Implmziinl forma Linn of ouch storms over wido anuts and 
Lbo tad tbiit their dircictjon of travel h usuuUy c^putraUbil by lUu 
gtmenil air movement at cloud kveb gmtly decri'afies lbo likuliliood 
of preferred paths being foIbwetL Stoniis ramod ftoni wost to east 
by the geaerat adr drculatirm will Iravel over mountain ridgea oriented 
in uortlierly and aoutheriy dirootlonB. The lightning o^epofutro of 
lines located on the top of such ridges would be grontor tituii for !Ui£f*s 
iocatod on the valley aidijs in tJie Ice of the ridj-e or on valley bottoms. 

ITie degree of |irotectii>n economically justifLuhle for a (riven power 
system dopetids to a com^eruble degree on Ihe friviuency of occur¬ 
rence and severity of thunileratomiA in the r^on in which it is located. 
Ale^satidcr’a ebarta nliotdd be of vulue in determining Lite pmhaiblc 
lliundorstonm frequency fur any section of the ITnitcil States. Thb 
iafornmCioD should ho oupplementcil hy knowletlgo of local storm 
so verity ill the region served by the ajstom in order to evahiatc the 
r>otentioJ harard duo iho stonus to ho expected there. 

T)espito many improvemonLs Ui opRraliun, lighitijng still ropreeeutj 
li eerioUB sourco of mtcrruplion to many ptnver sy&tenw. To insuro 
continuity ol sers^ice^ niimy syaierrai connoet julditiunal gtui era ting 
capacity to their lines whan iliunderstomiM nrc known to be approach¬ 
ing. Knowtedgo of the m:cnrrenco» rliniictiiin of travel, and floviirity 
of thundonitaTim is tlierafore of impottanco to thotu- Wontliur 
llureau roporte aerve oa preUisnnary wjirniiigB of tiiu probablo occur- 
renca of thundoratorms. Short-time warnkge (d tlm appeamneo of 
ati actual storm over the syeuaii am much mom ijnportantj however. 
Some power filants have in^lalM 'Tmwlcra"* which wam tho operator 
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TliitL a istorm is In tho noi^tiborfiood. Usunlly, hcitwovr^r. t-lm first 
wimiing must conio from GinployoGs iliBtnbut(>d rtvor rim M‘hio, 

as purl nf ihcir rt'f^uliur tlutles, report bo tlio )om1 lUspiibrlinr Oit- 
locution, tlU'C'ctiun of trnvd, aiitl 9ov*rity of stonii!' nwir tlm nystein. 
Thn ilLipatcticr cnti lUTtcjniim* whcllior it it Ualilo lo ulTocb his systtwi, 
atid can tlicti tiuikc tlir ni;ei'«)oaTy cimnges iu systent sot^-iip Ui minimi^i' 
(lie i*lTc«;t rtf thi» st^irm. 

AUUONmO.S STOIIAUt: 

lightning in a rout liuxunl u» uminumtion «tom;p! rlcpots, ^VhcIo a 
choice of toes tin ns is possible, o study" of tbnriilecstorm conditions 
sikoubt be rtf value in Selecting « locntion ofToHn^ minimum exposiiro. 
AloMUxIor’s charts ol thuiidontonn fnujuenry should ho of value in 
dotfliminin^ tJw pciieml rejpon. The luoi^t favornble location in (his 
rctrion can then be detcrminml by a localised otuity cd (ofhkgraphtcal 
and itiotcunilii^iuil fnclotn, Hilvuniugn bein^ taken of knovrltulge 
of liie t’.vpi^ of atonn moat pn^mlcnLj tt>u location of Topu^rnphical 
features aiidi os conihinuttens of moimtains and moisturo sources 
which are knuwn to fiOtre os thimdeistamj "breed ere," prevailin" 
wind dinictions, preffrrwl storm paths, etc. At times such depots 
may be locnteil i» a position tukin^ adviint^u'e of topoj^phlciLl 
feattiros orrerinj^ nutiint] ahiidtlin^ aguinst direct Htrnkcti. 

on. GTORAflE 

Wikom u choice of luration for tho storage of i»il ia [KisfliMo* h study 
of thuudursfortii conditions pJuiilnr to that described for nniiiinuiuott 
depots alioiiUI he worUHwhUo. Berv^ nguLi, cojTi|uimlively minor 
cluingcs in sUinigc tucuunn iiiuy result in u cunddomblc decrcasu in 
ligliUitJig CNiH)aiin<. 

Although exposure to {ightning uiiiy ho rwlucod by jm)|>cr liMuiiiou, 
this rcilucliofi should not be construeil to justify a rwJuction or alum¬ 
na tioji of lightning protective mpjipmGiit wliere %hUihig is particu- 
birly ha^urdous to iho matciiu] to be pptpUM'tatl, For axaniptu, widle 
Alexander^ charts show that (bdiFumia pftjuys cornparativo frcediuii 
from IlnmiierstonnH, atill occaaimml uevero sftomis do occur tliorc 
and the oliuiinatJoji of pmtoctiva iK|tdiimant would la* unwise. In 
1020^ tiiillions of dollim wortli of oil and in tJiat State 

were destroyed hy fires sci by ti{riiUiijig. 

fn the forepoinp. Simpsioii'fi, EJster imd Geifors, and Wilwin's tlie- 
ories of the elec triflru lion of ttiuiuierduuds ore reviirwed. Experunen- 
lot cAddouce and obBenaLions heating it|ion thc«te tlieories htw given 
considfirntion and the chnnictcmtics of nctiud timniJcniforms iut da* 
Hcrihcd. Five iypi'w of tbundeiamnii fennation—heat, nmuntiun, 
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cold-front, OTcr-mniuBg-colil-front, and worm-fRuit—arc oxpbinod. 
lliuiiptirojr<i* tliooiy cxpliuoitig how thuiiJrmimuii are niatnuinct! u 
thoj Inivcl over the oouniry is ronewed, and obMrvntianti] evidcnca 
t» advanced whicli supports AJexnndor’s charta, which indicate 
the inotil^ljr iuid jearly fiequoticj of oocurronco of tbundotstonn 
days nyor tlio {JuittxJ Stotea for a !}Q>year pc^iiod^ are fdvim. Their 
value in lightning protection planning is pointed out. Conditions 
under which tlie occuirenco, direction of travel, und piobohle uvor- 
itj of steniis can he prcdictect iLro oninnorated. The value of appli¬ 
cation »( thuiidfsatenn knowdedgo to the location of (ronunisston 
hnes, te tlie detennination of econornicaJly justifiable piwer-ayatein 
protacUon, te maintenance of continuity of sarvica, and to tho loca^ 
tidh^ pf axpldinve and oQ^iorago dept^te is pointed out. 
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TITE ELKCTROK: 

ITS IXTELLECTUALi AND St>Cf AT* SIONIFICANCE ' 


iJy KwtL T, Cowtnffl* 

Prtti^nt trj tlu iViiivuitmtlU Inttitui* o/ 


WitUin the pest 5 yearsi wntmunries, hiwntenftri«, luu! tnpcfln- 
teniuies have been tnitvli iii voKiie, Every town or iosUtntion or 
event which has ctium to distinction lias tiouglit tiicescTiec of the vulan- 
dar to remirid the world of its oSainis w> prcainesa. Thus wc lisvc 
nicently celebrated the cciitonnrj' of Faro day's discoTSTy of the prin" 
oiplea of elBctmmagnctiam and the hicwitenniy of Watt's luveaticm 
of the stoftjn engine—iliseoverica wliirh liste iutroducnl the oran of 
vlectririty nnd of mechnnicel power. Tim city of Chicago Itss sought 
to tell us that tlio pmgre^ of mankin<l rmiliy begAit with the fouiicting 
of that comm uni Ijf nnd has led iis to spend millions of (tollara to gain 
the impression that Umre is rciiily some causal relatioaship between 
Cliicsgo and world progress. In hit pan of the country, the city of 
Boston and its suburbs staged a succession of tercontenaiy celebra" 
lions, us proml of thoir past as Cliieiigo ia of Its present. OreHlesl of 
all was Inst su Ulmer's leioan tenary ndehraLion of Harvardi Univernity, 
signalising tlio firm bojus of mttdloctuRj freedom nnd iooderahip which 
is the pnmo requistto for a free people in o dornnccacy* 

Encoiirogod Uie success of the CMcogo Centuty of Progreas and 
tlin Jlarvanl TercentenaTy, 1 vonture to fuoturc my oddre^ as sig- 
imlhung on lumivorsuiy of the discovery of the plootrwi, To he sure, 
it is only one goneratiuo old, and a generatioii b a aufficiently vague 
unit of time for my purjwaes. Tot, in spite of its youth, it hub fair 
to Hval Chicago in its contributions to economic progress, and J larvard 
Univerei^ in its contributiouB to the undorstending nf tins world in 
wliidi we li VO. So I venture to assert (hat no institution orcommunity 
which has used one of theeo milestoniis to toko slock nf its actiiave* 
menu and plot its future course koji alronger dainis to intellectual 
fiigiiUicancQ and practicnl utUiiy than 1 will claim for the nlwtjoiu 
Tlie history of acicucs aliounds with inatancea when a new euueeiit 
or ilbcQiTii ty Ims 1 <m 1 to tremendous advoncee into vast asw Holds of 
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kiiowlejge urifi art the very rafitenco of wlik-li fimJ liitlw>rto iwicn 
irnsufiiiepteiJ, 'I'he rlisoovaries of GuliJcfi, I'uniifHy, iirul ra-Kour tmj 
9iicli iiwianw's, Bilt> lo Jiiy (loliou, «o itufljiiiee beotj so 
iliaiiisUc fts iLo tliscoT^ry uf tlip ii'locLroiif tha litiitiiil llilng' in the 
universw, wLiicJj witlun onp gntiorntinn liofi tramfonuej & stagiiiuit 
wiGiics of n tlpflcri p tt VC of chfitnistTy, aud o storiJe 

scipiice of asi.it>iuiuiy into dyfniioically ilovcluiiinj^ scjcticos fnitjgJil 
with inti'llwliinl luJvpnlim;, intorralarbifj intcrtJrettttifjiis and jirueticB] 
vnliics. 

I Inke prtrtlculiiT iilcusiinj in incniioiiing ihcao iirja'iicHl Talinsti, fur 
pvtm tin* most iinimiiginutivc lutii ehort-sigluw), hnrd-lifvidi'd, "prilrti. 
pal" hiisuwsss man is forced to aduiii tlip jnsiifiottiion for tho pure 
rwearch-or no piwonceivcd jimcticaJ iis« whrth«ie\*or in the niindfl 
of Uioso who Jo(l in )t$ prr>S4*citUui], end of oil degreta (d siiccods and 
ait^^flranoe—whk'li has Itecn djTO;Lrd at the dec iron, for tmi of 
lids fHsenreJi have eonio the following; ildugs which all can understand 
and ftppn-ciuie: a growitis hiiaiufisa in manufacLure of dtctTOuii: ile- 
vices which now nmoiints m^O mUlioii duJJnjfs aycar in Atni-rica jihme; 
a total hiisinoss nf somp Uundreda <if mililoua r>f dullam u year whidi is 
madir jiossiblp hy Llmso eli'cironie devices; uitiumeruhlc aids to health, 
safety, iiud coiivoidonct'; juirl an inmirnse advajito in otir knowledge 
of the universe in wldcii ae live. 

Tilt: ItACKliUOUND 

In science, ns in human nlTnirs, great events du net occur without a 
hachgmund of dcvdojinicnt. 'I'lio electron liad an ancestry wlddt 
can ix* irnccil hack thmiigh the centuries. Ita immediate pmeanilore 
were (lie di'ctruttingnetio tlirory of light, spccUoscnpy, luit) ih(* leak¬ 
age of electricity through gases. Final eousina were X-raya and radio¬ 
activity and qiiantimi thwny-, for, out of a biickgroimd nnoiig mvestt- 
gdtion of tMJwiiJoriiigtind appaHmUy imreJatcil plwmomcnn, there hurel 
upon Lint scicutiflc world Un* X-wy in I SOS, radioactivity in tsoo, 
jiiid the olitcLroii in ISO? idi while invistigntora in tlio older flelds 
of heal rndiatinn imd Ihonu-xlyniunieB were fimlbig thiKc hothoreome 
ifircuiHiatendeu in t heso hiiherto rcspcctahJe suhjitets a Inch led Ui that 
ttneapooied oxtetwinn of Newlonifui tiiGclianiis now niUed ntjuntiun 
mechanics. Tbo concept of tJ.o electron, behaving iirconiin*^ to the 
JnwB of u'mntiini nx-ehaniea, is now tlie hasisof moHt of our inicrpreta- 
fjon of all lliftt fulla under the gootl old niimo of natural ptiijosophv 

That otdy the pinneere of thr- scientific world w-c« preiuirtHl for 
Oii^a^cwenM, however b witii«»od by the Uu,t that « standard 
lextlsxik of chimnstiy wulely used in my student days in i(K )4 fltnU'd 
that, “Aioimt ant the mdiriBiblo eonfltituieut^ of inoleaulc-," and »o 
ate iu» IPl 1 a pmmincni phyridst warned his colleHguM not to be too 
hasty tn acco[iliijg thcac new-fangled ideas. 
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Hip existence of piprtntns had b«)n fwrrahflirowed fur a cmitiif^ by 
tJip iatrtjf of dcctrolyais, which loil Davy ami HiTKCliuji t(i emirlinJp 
that ohamioAl forces wore aloclrical in nature, umJ Faraday U* nmrludft 
ihnt electric c 1 uti]p^ avlist only in tutdtifihvi of eanic ftmitaineriiaj uixit. 
I'or chemical acftla ami fialts, dtissolvcil in waterj uuifl to fqiljt ijp into 
ioiiA, liiat in, atonia or groiijis of iilotits wliiclt tnove in an electric lldid 
in iiitdi directions ns to indiente that they carry aithcr [Hjaitivc or 
iieifHtive dcctrir chni^. Fiinhcmiorr, it ia foimiJ iliai the auiounla 
of thcao ions whicli carry equal amonnts of oleclricity are csaetly 
proportional to the chcimicnl comhiiiinit weighs of the ion«. Fonulay 
saw tliat tills fact would tw simply oxpliiliied by assmiiiog that every 
ion carries a rliaige proiKirUon*iI lo ita cliMiiicBl valpincy, tlmt 13 , tlie 
valimcy tkuea a fiiuiliunotital imit I'lmrin?. niit Famday could not, 
from tlicso fiwta, disliieo the sisu* of tliis unit of clioi^^^: lie could only 
state the ratio of diis chuige to the moss of tho ehendcal sulistanca 
with wldidi the chiuge was associated. Hydrogen, Ijoiiig the Liglitoflt 
of all ions, had of nil loiow'n suhstonccG, tliorcfuro, tho largest vajua of 
this ratio of cluuf'o to mass. 

The first real eviiliuico of particles nf liugrr ruLfo of charge to mass 
tJiaii hydrogen ions come from tlie field of uiitica. Ever since Max* 
well's equations of olwironingticIlQu liud [trodiciiHl tho existenoo of 
cIcr-tromiiBnolic waves iritli the vdocity of light, and Hertz, IT yeora 
later, hatl discovcreij ilipio experinientally, plijaicists had felt sure 
that light must be cauectl by some sort of oedUadum of electricity 
rviUdn atoms. Hut only tho vaguest and most unsatisfa^'rtarv sficcii- 
lotions, such as wldrlijig vorlieoa or pi ilea ting splivrc# of ejectririty, 
Ltnl been augg^istcd. 

In ISOO, hoW'Ovcr, Zeeman triad the pxjiarimcnt of ejsununing tJie 
flpectnim nf a light source plaeotl in n strong magnetii! field, and dis- 
iweml iJiuL tho Hpcctnini lines thus liocame tspiit iiiio corajHimints of 
slightly dilTuring wave length, and that those cinuponents t.f the light 
showed charan Leris tic typos of ptdartrjilion depending on lliw din^rtjnn 
in which the Ugh I emerged from the iiiagindic fin Id. Allinwt it I once, 
in daniiaiy 1S97, iMronlx showed thul Uib exiieriuieiit proved that 
light is caused by the owillalioi) of eloi’tric charges, tlio motions of 
which are affoRted by tlic mugnetic ficid in the tniiniier roquirtal to 
explain Zcoman’it expcrinienta, This much was not nnexpcctoih Init 
what was etnrillng wiw Ijorentz's proof that tho Zr^eiti'aii effect couUl 
only have l>evn produced hy eloctrifiml purticlos wdiose ratio of charge to 
moss istioorlj d,0pQ times larger 1 iuiu that of a Jiyilrugcn km, and whose 
inassis thereforo prcgumably nearly S,0tXJ times Ughtw then hydrogen. 

Atiiiost at once this conrlueion was ronfimieil in a mure litamalia 
and understandable w ay by J. J. TtnmiBon, Urn Uien youthful director 
of the Cavendish l^abornUiiy. Hut let me first pick ujj tliia thread 
of the story a little farther hack. 


2()S KtTHiUT lasi 

DISCOVKHY OF TUM ELECTRON 

AJI tliroii^ji tko lSS0*s nnil early a fiaric& af iiiiisr; atrikjng jiad 

unexpected diecaverie& foJlowed from iovestiguiiond of electric iirca, 
jiparka, and cfi^wciidlj iht* i^dowing duwiiittpefi of Hiiolridty nt hijdi 
vulto^ glii^ tijth^h rantaining varjou,^ pressuiTS Far 

^>e]ow atmDflpliuH^ pres&Eiro, Tlie etiikiiig color my^L-rtoit^ 

luminous Btreumers unct c]idjni''lj liiatarTC! Irelinvicrf nf thc^ dbchai:^^ 
inade tbdm the rnost popular, yet most eluBivOt f^u!JJOCt of labonitorv 
reiiefliT-h of those Hays. 

It was phenomcon wliidi led Crookca to poAtulato thi* otistr* 
euce of a mysterious ^^fourlii s^ate of matter/' diffcrcjit fmtn Uie solid, 
hquklp or gaseotis slatea. (Of coisrsaj vre now know that Crookeses 
fourth atflto k idmply the iomzeil eta to of matter*) Once, while 
iittenipling to pliutograph the npi>iiaraiira of la didcharpfl nt irety low 
ipis pressim-} Dmokc^ was hntlicred hy tlie fact that all the phvito- 
graphic plated in the room with hia apparatus b^'camo frigg)t!«h if 
l]ghi*stnick in spite of tlieir npaqiin w^rappmg^ Ho avoided the trotiblo 
afterwnrdsi however, hy keeping his neiv aujiply of phi tea in auolher 
room unt.U;. nno at » time, they were wmitotl for Thus ho s^jlved 
lui oxporttnonlal difEcuIty, and mii^d making a grout dbcovoiy. 

At about the sjimo time Hiintgpn. in Gennauyi wuh trying the aamo 
expofimont, itnd lie Um w*a3 titniblrd liy tho nf lua phologmphic 

phitosf. Bti*^ Ji* tlie story goesj liLi lahamlorj ajisist 40 t directed liis 
attantioii lx^ tlie peenUtir Fact, that these foggeti plates^ whoa doTolopecl, 
allowed the image of a honeb oF keys wdiieh liad acctditn rally Wen 
lying on (op of Lino hox of plutes while the cleetric discharge oxperi^ 
nmiila wore in operation. HOutgeir immediately kLokctl into tbia and 
di^coviFroil that the Fogging was iliiu to panetmring ruilbitiuiis pru* 
duoeil in Um di.Hrtinrgo tulm wliere the cntlicida ray a struck the tnigot 
or miOiilo. TUw liy ncriilent wem S-mya disco veered—thni type of 
aceident nnt uncommon iti scirato when an olisi?rv]int experimenter 
h at work. 

While on the snbjcet of eceidriitOi ! migtii. digrenss to toll of imother 
ncctdoEit which did not happend also m cmmoetioii wHUi X-raye* 
For mom tkun tc jeans after their tliscovei^^ disputes ragcil aa to 
whetlicr X-mya w'oro rniliiUionn, like light but of very abort wave 
tengthi Of eleotrieaUy nrotral lairtteJas of amall tnnm and high ^od. 
It was cvideitl tliat (hey were not eketricnlly ehaiged, since their 
patlis were iinaffcotod by eicetrio or magnetic fields. The feed mg 
advocate of the emutra! particle thooiy was W. 11. In im2, nl 

Princeton, O. \\\ likhordHoii tried an experiment in Bce if X-rsya 
could hi3 refracted by a piimn, A poaitivn rissult would tuppoii the 
wave tliwiy of X^rayfl. People Jiad tricfl thin witJi X-raya tlimugli 
glasa prianifi without niicceffi, Imt UichurtlBOn hud an idee that an 
irciii prwn might more tffcctJvB. So ho pamsd X-rayi for houra 
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and ikjra ituoui'L I, he tapering odgo of a GiUotto Ririeijr xa^^r blade, 
but vdOiottl nniUng uoy rofxuction. If ho bad Imppciied to try the 
edge of a cufystid inaioiu] <i( Uie edge ef tbo razor bkdo, ho would 
iindtyubtcdij hare dhsoovered tliu (KiCuUar diirmr'tioii of X-^rays in 
passing ciystalo, dtsoovciod a eouple of yeuni Inter by Laue, 

Friedorirh and K&ippbg utul developed bj falJier and son, W. H. 
and W. L. Htngg, which proved both the wave uutiire of X-riiys iiflid 
till? utoinio lattice stmetnro of eryatala. If Rantgon's diecovery of 
X-rays was an lu'cidont, then I suppose Richardson 'b foilun' lo dU- 
cuver diilmctjoin of X-taya wan a negative aecidoat. 1 often w'ondcr 
how many «iipi»nant negative accidents slip post u» week by wctikf 

But tt> got back oii the siibjcct of Ibo eWtron: it wna Uia tathodc 
ray*, which profliicie the X-rayn, which firudly Liimcd out to l« elcc- 
Lrana traveling at Idgh speieda. Thew intlnMle rays had been obeervcil 
to slioot. out ill straight lines from the surfaces of catliodcs in rarclicd 
gases tl)rough which electric currents wore forced by hlirii voltage. 
Objects whkh ihoj struck becamo lundnoue with duoncscont light, 
and ohjccis in thtdr paths cost shadows. But their tnio nature was 
dtsdosi^d whim a magnet wob placed near tho dtschuige tube, for then 
their patlis were curveil in a dime tin ii showing ibat cathode mys woro 
negatively cluiiged. By mcasiiring iJils curvature produced by n 
magnetic fidd of known strength, am] making a pretty imre assumption 
that the kinctle eneigy of tlicse rnye was determined by the voltage 
applied to the lube, J. J. Tlionnion in 1SII7 first nhowed that uatbode 
rays are negatively ehatged parilcljus with a ratio of charge to mass 
nearly &,000 times tliat of hydrogen. lie rurHiemiore Bhowotl that 
these particles art- of the iiamu type« as ivganL* ratio of charge to mass, 
from whatever gas orcathwle material they are prodnceil. He lliemforo 
announced thesepartietes, which he called '*(rori>uscli«,*' to bennlvcreal 
couBtituents of atl siibstences. Thus was the electron discoveiod. 

MASS ANfi CHAUOE OF THE ELECTRON 

Quick and fast came ovperimenta of irigcinous dodgn to study the 
electro ns more accurately. They wore pullod this way and that by 
ojpctiric and mtignetic Qtdda. They were caught in Ditniature metal 
fjy-trape, called Faraday cages, to iricaanrfi llicir charge rmd kuietic 
energy. They were detinjted in their paths olifclrieftliy, or by pbuto- 
graphic plates or by Ouoresoenee. Coutiuually refiMird from that i!ny 
to this, we now know that an olNrlron Ims a ratio nf charge to niaa» 
wluch is alioiii 1,842 tnnea llie similar ratio for a hydrogen atomic ion. 

It was also very desirablo to know Mporately tbo chargp and the 
nuMft of an electron, and not just tho mlio between three quantilies. 
So an even more ititeresting lot of ezporimootB has boon carrietl on 
to tnoaatire the sleciron'o ehaige. Tliey were begun in about i&OO 
3ieeit—«—IS 
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J. J. 17iDDison ami ills co1lefl4£uc4i, TowuehiivJ, II. A. Wilson, ami 
C. T. It, “V^'ilson. 1 tiiink » briof rfeuniA of uttonipt^k to iiioosuru tlio 
eli^tmn'p ohargo will thmw an (!tti*ro!ititig tiideligiu on tiia versts,tijjty 
of sdaritiDr. iiUarJc on tt cliniciiU probk'tn. 

TJiij fiiBt nttom])b» weru by Towtufend, by tncuuuroniants on (bo 
motion luid dociririootion of fog prodiiOKl wbon electrolytic gtia 
fiiibblod info a region of sir ^i-liiob wits slightly supersaturated with 
water vaptiTj but too many uncwlaintitw were inrulvvd to make this 
work coavbtcing. The first accepted resulfe were by J. J. Thomson, 
who, after iiu earlier attempt, omjiloyeil a icdinique of pnalucing fog 
(mdnr controlled conditioiui, dcvaloptMl by his colleague, C, T. R. 
Wilson, w|ioa« mcthiKl wns relmcd furiher by Ids pupil, II A, Wilson. 

It had long bean known tlint wnlor droplets of fog do not form in 
air wiucb is soiriewhat suporsatiirntLal iritb w*atcr vapor nnlcss tliure 
am nuclei, like specks of dust, on wEiioh tho tnolsturu can condense, 
looter, Townaand found that fog will also oondonso on iohb, and moro 
readily on nq^ativo than on positive ions. fj. T, R, Wikun designe<] 
iin apparatus in which duet-frao air could bo supoxsa turn ted w-ith mouv 
Kiro suihcicutly to parmit condensation of fog droplets on negativo 
but not on pot^itivc ions, which were produretl by sumo cunvi'-nient 
umisiifig agfUH. So a fcig was fonned,, in which each droplot of water 
was comlciiiH?d oti a negative ion. TIioiubod employed this apparatus 
ill tlie following miuinor, 

{)f coiirae, this fog pradiinlly settlod dowmw'ard under the pull of 
gravity—*Io\vly bceautfc the drops woro rouiII coiupwed with tho 
vtsttfUB resistance of ijie air through xvldcU they foil. It was like tlic 
slow settling of liust on tlio fnrnituro oiiil fioor of a room. But the 
thoi>ry of the nto at whidi “iphciTCH niovo whan li forou drivos them 
throng] I a vkooiw ui odium was id ready well known, owing to Stokes’s 
law. iVorn tliis law, measunaneni of the rate of fall of tho fog in 
centuiictHiwpcreocnnd osmeasuroii by a little telescope focused on tljc 
top edge of ilm fog, combined wdtJi know'lfxlgo of tho force of gravity 
and die vkcosity of nir, enabled lliomsim to culoulalc the siao of tin- 
iudividuiiJ fog droplets. Dividing the total arnoimt, of waier in llie 
fog by tho amoimt in one drop gavu him the Uitd niunbcr of fog drop¬ 
lets, nut] IhiTCforo tint total nimihcr of nogativc ions. tl. A. Wilson 
ailikai [he refinentent of superijosmg an dretrifl field on tho gmvila- 
tionHl field which pullwl tlio drops through tho air, Tlicn, as tho fog 
frPttlod to th* bottom of tho apparatus, it depoeitct! Its oloctric diargo, 
whiclv aUogotticr, wag largo enough to ho mcasurod with im I'lectrom- 
etar. So, dividing thia total ebargo by the numb or of ions composing 
it gave, m the chargo of ono ion, 3.4 XIO"” eloctrotuatie units. This 
wdii Uie fiftt real riii'aaurrjDcnt of the t-liarge of an electron, and waa 
the vnJiie qimtiHi in tljo tables^ of physical constants when I became u 
graduate utiidcui in 1910. 
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About that tiiiie Millikan^ who liiui alwa^va hfliJ it Hair for picking 
^tr&tcgjoaUy impcirtant subjects? to which to devotp^ hm iowstigative 
undertook witli hi^ j»tudeut$ a rovuliiJilicn of thfl olecl^iiic 
charge. Sources of erjror in tbo fog mothod woro well reeogniztKi: 
Fog dfoptflia were not all the same aixe^ thout^h nieaftaremoiLts ofiuld 
only be made on those smalJesL omea which Ml mo^i alow]y; wbo 
ilropkhi dill not remain of constant amalJcr ones tCfiilJng to 
eva|>orato and iaiger ooea to grow; also tJiere ware imitvoidable con^ 
vectioii ctiirauhi in the air whidj inodific<l Uie rate of fi^ll of ih^ fug; 
jind mmet druplab ixdglit ooutmn more than one ion. 

Millikan cleverly avoided or minimkad tliesc difliculties by iiaing 
only a single droplet of aome relatively nonvolatiSo liqohl like oil or 
rnsreury. By ionking the snrrouinling air in on elecifk field be cciid^l 
put vario 03 eloctric chargea on the drop. Uiomina ting i t by a. powerful 
light and vieviriDg it like a star liimugb a meaeuring tetescopCi lie could 
inaaaiire ib rate of fall under gravity and its mie of rhe when pulled 
upward againat gravity by an electric field * and keep repeating tliese 
obaervatioua for hoau. These mcasurejncnle were so ptwise tliatv to 
keep pace with he bed to nieasurc ibo viscosity of air with hi there¬ 
to unequalled accuracy. ^¥1)cn all tins was done, he Lad proved 
conclusively that alt eieclric dmrgee ani inti^rai multiples of a fimda^ 
mental unit ebo^a, the electron, Ihr value of which ho set oa iJ74 
dectio^taUe unibi—atxjut 40 percent laigcr tlioD the earlier 
ostiinaUvi and believed by MiUikan to be correct one part In a 

thousand. 

Within the peat haIMe?;ea yc&ni, bowevor, doubt luts been tlirowu 
on theeatimated accuracy of this value from quite a different direction, 
in work with X-rays* Originally» X*rfty diffraction eispLtriinenta in 
ciyetalM proved tl^e gcomotric arrangouient of iitenis in tlio ciyslals, 
hut did not est44blbh the mimic of diatances between aiom^ or the X-ray 
wave IcJigtii. Ttie^e distances, otiee the arrangement of atoiii 5 wii.^ 
kui>wn| were calculated from ahHoluto values of the w dghle of the 
fttoma, which in turn were derivixj from electrodinuticol ecjuivolenhs 
and the voluo ol the electronic eJmrgo. Tlius X-ray wave IcuKth^^ 
masses of atoms and JiHLojices between oioms b cryslals all bad value* 
dependent on knowledge of the cluitge of the electron. 

Hecenliy, however, A. Ik CouipfoUj BeanieWp uml i^theiw !mvo 
auccccrled in making miuummiieiits of X-niy wave lengtlia b^* iliffract- 
ing X-rnya from a grating ruled with ! 5^000-30jfiOd pandlel fmc lines to 
llio inclij and ojM^ratmg near tlie anglo of grazing incidence. These 
measurements involve only knowdinigo of the number of lines per inch 
on the grating^ aud tlie ajiiglcs of incidence fluii rliffrnctjon of the X* 
rays—hotli depending only on mea^uremeut* of length and capable of 
high prcfhLbn. X-ray wave Ieugtti.3 iJiiw menfiurctl were a litllu dif¬ 
ferent from tlie carher accepted vnliiedr and this cast doubt on the 
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ftcvurflcj of diifoloct^rnn f^horgc vnltiu ivtuch tind liocii in the^iirlu^r 
K^f^y GstlniAtf^. Tim <(]fforanco aoL lar^j only dbouL t part in 
200t but it moont ^ithor that cxpnriinentf! had not boon m ai'ciirato as 
bdlovod or tbnt tlmro was gojno unrocn^nirfid com plica ting factor* 

So MIllIkaEi^s work has been rcpoiiL«d in TarioUfi laboratoriGs ^iih 
fofinc5iiiont3| such tm tJio oso of a rcnuirkalilj nonvolatile oil for Lbo 
drop. But Um dilof artor was foiiDd to lie in dia meoanremente of the 
vdscoaity of air Do ring tim jiik^L your Kdlatropj of Uppaala^ bm thuiJ 
jittHli^iliod a rodso^t datercninatkin of electronic ritargo m 

■i.SOOX E. S. IJ.f whtdi b in oxedjent flgreement with iho 
my** deffTminatiotiff. Born-den heia Just prs^&ented hb owu tmiiRirna- 
tion of iJiia agreement tieforo tha American Physical Society. 

It h an interesting eoinoidence that this l»est value of tho okargo 
of 1.1 tilMirtia » oxhclIt tiho aamo as Lha Qguru given by Rutherford 
;1U yonr^ ago, tliotigli tlnUi doUnuuntui wUti so iiiut^]) lcs.<i iire^^ision tliai 
rint miieli cotifiilcneo wim pliu^i in il, oxcapt oa to order of [aAgnitiiilo. 
U wn? than known that tho alpha raye from rarUntn nto helium atoma 
wide]] liAvti Io«t two eioctrorLA nutl oro theroforc donbJy positively 
vhnrgod. Uuthorford cau^t a lot of iUoao nlplin rays in a metoi 
trap, mooeiiririg Uioir agpropato electric chnn^o with AO eloottoscope, 
luid counting them by l.he Bcintill&Lionis whidj Uicy produced on 
striJdng a lUioroeccul sereem or otherwise. Dividing tlio total choigo 
by tl^o ntmilior gave him double Uie rlectronie clmrgo, whinh ho tliua 
oaloijlaU'il to Ini 4*3 X 10“’* E. S. D. AlnuEidy knowuig the ratio of 
dlarge to nia^w with Idgli procision, tiiis value of tlio charge enablea 
na to fix iho oleotron'a mass as 9,051 X 10“** grams. 

la^eOTROM KC. K ETl C M*4ffi5 

\VTnm wo speak of iluj mosg of an eloetron, howovor, wo enter a 
whole new field of i dn AS. Some yoivns hefoto the diarrovery o f ulcctronA, 
J. iT. Thomson had pom Led otji. Dint an electrified particle will g>on!tCAO 
mortia, th&L is, maaa, simply in virtue of its eborgo uJeum, irreapoctive 
of wheihor or not ikhiut any luu^ of the gravitational type which wu 
have Ihmu) aociietomod to tJiitik of. T]jtA '‘oleetromagncdo'' mass 
coinea about from tlio Foot Hint any mochnnical energy which is 
expended in accelerating on oleetrio diitrgo is trajiaformod into the 
energy of the inaguetic field surremnding the uloctrified parUdo in 
virtue of its motion. In fnet, tha kitietin cnerg}’ of a moving oIiKdiiR 
ctmrgo IB found to be simply tho onorgy of its riiagn«ti<i field and 
degit’Qrls only on tlje square of the voloeity of the rhafgOj tlie nrnount of 
cliargo and tha geometncal cdiajio of the chargo. 

Makiug the aimplrst pottsible aesnmptifins about tlie abopo of an 
electron, such os a solid sphere or a hollow sphorioal sJiolJ of cloctrieity, 
and Assuming idl: its maw to bo of e]eotromagiu>tie origin, the diauuiter 
of an oloctron woa ealculAtcd to lie of Ijie order of 19**" om. Ft must 


•I'lrR Fi-ncniox— 


be bewever^ tlinb UiU eatiumte ef aiite b not, likr Uie 

cltiirgu and massi a deiinito meaattremenL, bul b etmpl^' nn (^t;itnate 
ba$ed eo assumptions, at lasst nnu of wbicli is quite unoertain. For 
wbiie wo have EmIU logte find experiment to back up Ute ivssmnption 
that all tbe mass of tito etootren ia of tins obcttonioguetie ortitin, wo 
rnuat tionfesa to ntlar ignoranco regarding tlin sbape of ilia eleotroa. 
ftuliMsd, sumo fsoLs suggest tbat it may linve ilifTemut abca and 
sbapoa in ditTorant eimroniiionta, as in tbo fteo atnte or in fin <irbit of 
an atom or in tlio nueteus of an atom. mtr eatiiniiee nf in~’' eiii 
for Itko abo of the electron is, at beet, very emdo. 

I’bo idea of erocttoinnpielio mass was strongiy auinjoTtcd Ify (lio 
fact tiiat Dioasuromonia of tho mass of very fast moving elootTOns, 
Uirougb moasurauiciita of tho ratio of cliatge to mass of l^ta rays 
from radium or catUodu rays In )ugii«voltapu disdiargo tuiiee, ehawed 
that tbfiir iitasa ia not rosily a coiuttniil Uiiny but incrouiiies with the 
ajwoil of Ilia doctren. Tlio value of oliHitnui mass given aliovo 
Applies, strictly sposking, only to an electron at mat, PrftcLleaUy, 
bowovtff, it is (locnrate enough for practictil purposco for dec Iron 
apoodfi bolow ahont ono-tontli the speed of UglH. jVt this speed ibo 
doctrou'a maea is about half of one [)oreonl larger than if it were nt 
feat. At still Mgtier siroods, llio tuass increasra more and more rapidly, 
appmseliing iullnita ma&a as tho speed of light is approadiod. 

These fsEtn, axpntimnntally determined, were shown by Abraham 
to Im of tho typo expected if tlio oiitim rnnaa uf on eleetron is of ebclra- 
magnotic origin, duo ctitiroly to its electric diuigo. Tt waa ihia 
aigunient. which has ainco reeinvtid c^mfijiDaiion from other directi one, 
which was tlio basis of tho tiicoty tlmt all mass, that is, oil matlcr, U 
eloetticxd. However, lIms aimplo olectromagn^'d'^ concoptn were not 
quite sdcqiuito lo give an ai'cniute quantitutivo interprelulioo of 
(JiGso experiments, and it reqniml tiro odditiminl inlraducticin by 
Uirents of the conce|)ts of tlio special tli«or>‘ of relativity to bring 
nhont corapleto inteipral atiou of the expi^rinicnta, 

TUB KbECntOS ANJ> QtrAXTlfJt THEORY 

•lust tw'o things mniti dn wv know neenrately ntwnt the pm per lien 
of olectroij.a, in ndiJitioti to their charge and maaa. Wo know tliat 
tliey ane alai tiny mugnets of slreugtU e<]ua1 to liie basic unit of mag- 
nelio moiinmt gencfaHy estliHl the Hulir mitgnolon, Onco tho clectmu 
had l'H!4;n dtscoverotl, it bviuimc naturiil to soak iti it also tho exphma'^ 
ttiin of tnagnetie plionnmenn, since it was only nccesauTy to iissiuriu) 
that the rtectricity of cm rieetron is whirling about tui aaui, and tlui 
electron (iccomeo endowed with tlio properties of a tiny magnet, 
Parsons, Webster, and others examined tlto possibiitliee inlicrent in 
vaHous asaunieil eonJigurnlinns, with tutoresLiiig rosultn. But it was 
only witli tlie introducUon of the quantum tlioory for l Ue inlerprata- 
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Uou t>r utomii} stnjctuiv and EpGcira Ibtit tlw tnai^netii*, vlinmet^T of 
tli« cltH.itrou liiu)^ witliin tlio kst do^ion yoats, fawi pitl on ti well- 
estflbludied bs»h. 

Hie Ollier Uiitig we know is perbapit the moe>t unexpected of oil the 
electron's Tiroperties—it bohaws like n wave wben it collides with 
other otilects. Puvissoii and Genner discovoiY!d tliis iii (lie liell 
ljnboratone$( while oxoimiiiitj; the w'aj in which a beam of doctrons, 
incident on a aolid surface, was scattered or reilccUMl hj it. They 
found, if the surfaco were ciyataUine, that the dccirona wore M'ottered 
just like dJlfracted X-rays, hut that, unlike X-mya, the wuve loiij^tJi 
of an electron is not Itxcd but caries inversely fts its speed. J, d, 
TIiomsofi^H sou, G, P. Thomson, lias made very ilhiminatin^ studies 
of this pficnomenon, wliich is the inverse of the Compton eilect; 
top?lbcr tliey have |iiven physidats two mottoes; “Particles lieliavo 
like waves an<i waves l>ebave like particles'^ and “Here's to the elec¬ 
tron; lonf* may she wave” One of die triuniploi of the iicw wave 
mecluinics fa brand of iiuantum meclianica) ia Hint it offers a inediiim 
of explanation of ihcai' atnmice pltenomenH. But itiy subject of the 
eUuitron is too Ion|^ to let me ntfempt a dign.'ssioii on wavo 
merhtituca. 

SJCNirJCAKCi; of TITE EliECTllOK CWCEFT 

\li"itb this sketch of ibe olcolroti itself liefon* iia, jet us turn U> some 
of the more iinportant direct ions in which the dee iron lias given us an 
illtorpreialion of the pUyaieal niiiverse generally, ftninediatcly w*ere 
explained iha phcnotjiuiia of dectrolyHis and of loiuzattoti getiortiUy, 
for ions woro simply atoms or groups of atoms whidi had gaincNl or lost 
cute or more dactm na. iVtinury cbcmical forces ware cxpluiniHi as Ui o 
electrostatic Attraction between atoinic groups wJiich, respectively, 
contained an e.vccfta or a deficiency of dectrons, (The more roTui^ 
interpretation of cherniebl forces witlilii the past balf-doxon years, by 
Pauling and Slater, baa been based upon (Iio quantum theory of 
atomic structure,) 

Tlie Ihree typos of rays from rndioactivcsiilistaiirci} wereinlcrpretod; 
alpha mya as lidium nloins wliicli had lost two electmns; beta rays as 
doc Irons; and gamma >113^ ue X-rny-Uke rcKlintioiis. In fact, Bec- 
(piurel allowed the mngnotic doUectioti of betn rays in the same year, 
1897 , tlmt Thomson sliowed tbo ningnotic deflectiou of cathode rays 
and interpreted thorn na doc Irons, 

For iiiaiiy years two uijj},xpl»incd phnnomeim had iwen sttirlhd in 
metals. Wiori higlily healed or when iliimiinal wl hy idtrav-iolet light, 
iimtnla had been aJiown to imiit iiogntive i-Jectricity.’ 11 was the work 
of hut a year, after the discovery of the dwtrou, for J, J. TJiomsou 
nml his pupils to show that botli these piicnomena conalal in Ilia 
emission of doi- irons. B iit by what mec hauUms ate they tli us em i t U:d ? 
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Thill wn^ ti quiiatuMi Iho slutJy of wti'icli han le<t to most imiHirtauL 

tlidoroticfil ami jimcttcal ronflj-'queJicBSi 

Kkhortlsoii, fiPSf. as a pupil of TIuhhsmjii unJ then as a pforcseor at 
Princeloti in ihe early ISOO’s, ilavcloiK'il Iho theory of thermionic 
ciiusaba of eJectrons, accontin^j to which tlii' electrons nro oi'ftptiralini 
from the suriaco of n metal ai high tcrapemiures by » proctsaa very 
nniitoetiiw to ovft]>omtton of molcciilos. The qleetroiiu lue a^umeti to 
have tlm same diatribution of kinetic energies that molecules posesa 
at the 801110 temperotiiTO in ttccordaiico with llio principlea of binetic 
theory. They escupo from the surfoco, if they reach it, iiTlh enough 
energy to tiike them away in npito of Iho otiroctlon ttindlng lo pull the 
cleelTon back into the me( nl. lliia attnictMHi is esprcsftptl in lorma of 
the now famous “work-fimetion," n sort of totenl heat of evoj>aration 
of electrons, which is the work that muat Iw tlono to get art eU*ctron 
clear of the surface. Witli these simple assnmpilotts, an equation waa 
liorivcU for the rate of emission of electricity as u function of tcmpi'rit- 
tore w'hich lissslootl iho test of perhaps as wide a range of psiwrimen- 
tnlioii as any other equation of phyjsica, a range of values of more than 
a million-million folri in current ivithout any detectable do[iariurB 
from tJic ibeory^ if thw is properly applied. 

Uichardson's mcoaumments of tho “work-fimciions" of various 
metals sbowcii that these values roh closely pamllel with one of tbo 
longest krunviL but least undersbood properties of metaJs, namely, their 
contact potetitml ppoperlies. By contact difference of potential is 
meant the vollage difTorenoo between lbe surfaces of two motals when 
ibey ari' placed in contact. Kiebardwn fnutid that lie difTcrenco 
between tlio “work-function” of two me tala was, within I bo limits of 
accuracy of t ho dot a, the same aa their contact diircrmico of poientiaJ. 
Ho theroforo proposed the theory that the coulact potential property 
of a metal Is dotcrniinod Bimply by tins work necessary to remove an 
electron from its surfaeo. 

jVs r iM^ginning graduate student under llichardsuii in tOtO, 1 was 
given tbo jolt of uiiilerliiking u lest of iIiLh theory Ibrougli cxpeTtmcnts 
oil the otiier elcctron-enuttiiig phenomenon, the pboiopU«clTic offeet. 
lilinsich) a few yraira licfore liatl pruprjsed his fiutioiis pUotoelccUic 
equatiO'n, which was a coniributbii to physical tlicwy cerLainly com- 
pamblo in importance and thus far more useful in its appUcutiona 
than his more impressive anrl wider puhlituacd gonoral theory of rela¬ 
tivity. Acconling to It, an electron in a metid tufty receive from the 
irieideiit light an aitioiiut of energy proportiojiid to tbo froquency of 
the liglit—to he exact, an citorgj' equal to riaack's couslant h times 
tlu) fwqiiatic.v tf. If it escapi's from llio iiictul, it must do an amount 
of work w to get away, so that its kinetic energy after orcasw from 
the metal would be tlic difference Af— ir. f>bvioiiBly, by niciiauring 
these kinetic ciierpics of electrons libemted froiii various roclala by 
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Jiglit of mHottji frcqTtpnrif^it, iL sLouliJ bu [Hwsibio U> fint! out if ttie 
“worit-funcliorw*' »p of rjifferfliit motnis nro indocd rejotei] i.o iheir 
contnct diHoicJiccs of pclcnliul iu tbo tniititior prodjoto*] Ly Rirh&nl-* 
soii’g theory. 

In two papora, hy iito in 151] nml jointly with lliohaniAon in IJJ12, 
it wan conduiiKil first tlmt tlie rontAot. ili^crxinces of potontiaJ )uts 
nelutpd (o Uvo ‘%ork-litnpti(nis’' ns Uiclittfdnoii had predicted, 
and eoconrlly flint Kinstein^s phoUjclectrie eqiiatbi], mlhcr thnn n 
thcoty lien imder riifMJussioR, properly dcecnbod tlie facte. 
Practicaliy einiultnneousiy with tJiis eocontl paper, ilinro appeared 
the report of n simiiLLr v'crinciition of Eineteiu's eqiiutlon by A. L. 
Uuphee, then in Kofrlood^ Ihouph lacking Uie qnautitotivo connuetioti 
wiili contact dilTopenccs of potentiid. 

This early work wbh not vciy nceiirato, partly hocnueci of Inrk of 
good vaenutn leehniquo for niiitntalning iiiituniiebed aiirfnroa in n 
vaetium, partly throii^li lark of roriatant sources of ultmviolot tight 
and partly lieransa tho nltniTinlei spcotrogruplis used lo isolnto lUe 
Tariom wove Jongllie of light gave a oortain apoctml iiupurity of scat- 
terod light of other wave longtljs. 'J'heso sotijrces of error ware mxig- 
nized but not ovtircomo when MUlikon, In 1015, made a striking ad' 
muieo by uaing doubly piirifitncl light or otherwise rorrecUiig for t]ie 
rlTacls of impurity, anij sociifed a vorifiCAtlon of Einstein's r^iuntioti 
which was far mow* nwtirate tium ibo earlier work m regards the 
rabe of Planck’s coiisUint A. In fact, Millikan's work romains to 
this day as one of tlie beat delorminations of tlus important constant. 
In regard to tho "mark-fuiiction," however, this work of Millilmn's 
wi»B not 8i> successful, for, after liaving apptimutly discovprod facta at 
variaiira with Rich on Ison's inteiprotation ol tlie equation and its 
ndation to coiiUici potentials, these dilTei'i^iras W'crc iiltimutolv found 
to reside in faults of cfqujrijoental proceduro or iTiteq)n)la.tioti, ao that 
Rtdtnrdaon's intcrparelattnii of Eiustoin's Hpiatiott still hohls. 

In Imtli theniiiouie and idiotooloctiic eHocta, theoielical rclmomonls 
have luion inttwluted by the recent quantum mediatitcs, and great 
advances made in ezppriiuontat technique. Itowaver, it is fair to 
say tiuit their inlerpretiilions uu tho eleeiron Lhcoiy have lieen among 
tho major ncIiieTemonir. uf iMit ibcoiy. 

CONDUCTION OF MhTALS 

Ti^lulo wo are ou tUo Eubjoct of electricity in mutals, what, vutwtittitrei 
the phoiiomoiion of caay flow of electricity that Lh the dig Anguishing 
featiiro of metals? ,J. ,1. nannson at onro suggoeted that this must tw 
due to the existence in metals of electrotis free from thiir jjarent aujms, 
moving freely, except for collirious, whnnevor im oiretric field was 
appliml in llie tnctaL Tho thooxy tliua worked out W'as attraetivo, 
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bat it i^icoimtcinid iiicd^mgstonoifis, I'hcfw w&s not oven nny ronl 
Gvidcnce tJiat ehjctiicity in mointa was oonductoil by oleotrons. 

Tlioii utnng cnmo Tolnian nilii nnii uf lik brillmni itleas^ skilfully 
foUowcMl by tucpeiiiuGiii. It iiad c&rEar boon Buggcated tbnt, wbnkver 
ore llic cjimpjs nf clflctrif! in inctnla, it ahouUl bu posaiblu in 

eienlnfugfl tLaiii townrd Lbr iMriplwry of n liisk if 'ivcf« rotatod 
voiy nipi<IJy nlKHit itn nxia. To be mom ujxiciriei if elcctmna ore free 
to mcivn in motids and if a wiro conneelK tUo cm i tor and ttui poriphery 
of ilie rotntJng disk tUroiigb lightly pressing brURh contntts, clectmtio 
abuulH bo tbntwn out of tlio disk at its periphniy and posa bock into 
tho editor of the disk ttirough tho ?ire. It would bo ratber onulogous 
to n outtouii of wttiur drivcti by u eontrilugiiil pump ttuougli a pipa 
dreuii. But oU nitctnpbt to UoU'Oi such cummts proved futile, 
oauso tlio currants produced by Urn fricticni of Uie vontnet ogaimit the 
pcripbeiy were far iatgvx ibiui llio ctirronla to bo asiHitiUid from Ujs 
eonirifugirig of oIoctronH. 

But Tolnuin dovised two methods of giving powerful accelciationa 
to metal conductors in sudt ituumor thut bo %vas able to mcasuro the 
feabto electric currents that were produeo<l os the ciuiiers of alecttiaty 
ill the mt)i.ii 1 wone abakoti bock and fortli, ojid Lus eofeulallons showed 
Uml these currents were indeed of the eke to lie expected if the curtmii 
is corned by electrons. This is our direct eddeiuM! timt electronn 
cany tho clcetric current in inotala. The mochamsm by which llioy 
do tide is nrnv tiegimiuig to tm dtsclof^d by Slnleri on tbs biu^ia of cm 
application of qtumtum roecitaiiics and spectroacopic ideas to metals, 
and again is an «>^\sj|ip}o of the rofuiiog power of tho quantum tlmoiy 
to aucceod where older closetcul theory woa giopingty euggestivo, but 
inade(|iiato. 

aTHt/triinii!: or tin: atom 

Now tlmt 1 come to the must bnate of all the ptietioiacnu which the 
idcctron luie laieti called uimii to interi>retj 1 aluiost loi>e courage, for 
tilt! Bubjcci. is too vast ond comply for anything but cncydopoodic 
treatment. 1 refer to tlio structure of atoms. I'rorioiis to the dis' 
Cfivory of the electro)), literally nothing was known of Llio intermit 
structure or composittnn of atoms. \'Vlth tlii* discuvoTyi however, it 
immodialoty liecome cvUtenl tlint all atoms eontoui 0100110101 and an 
equivalent luncniut of positive eliMstririty in some form. U vi'Bs ngaiu 
J. J. TJioinson’^a genius wludi iH^oti liie luvestigatiou of the imier 
aUun. Ttiis was only nWut 2 ,‘i yearn ago. 

TbomiHin reasoned that, if X-raya were mude to foil on any sub* 
stance, the elecuons in the utoms of tho substance would bo forced to 
vibrato back and forth by tbo powerful aUerualiug elec trie furcea in 
tho X-my waves. But, in Llms vibmllni; bock gml forth, these eloe- 
tmus would tt^nuliato secondary X-roys in uH iltreetiotis, II0 colcu* 
If I ted just wbal fraeliou of Um urtgmat X-riiy energy ouglit to lio tiius 
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re-ntdiaktl by midi <‘1ccir(vu, ^ud lliGH iiis [mjiiU to iugoaiiiv ju^it 
wliHt this fnuitiatt mis in {ipG'Gtbc wuws, Frorij Llit^ Mpcriiutnitwl 
rosulia ho wns ihiis »bb to calDulat^ Ui* numbor of oJr^ctninn whJtJj 
porfonncd tlio re-rtnllution in oh«1i caao, TLeM results indicated 
tluiL the uiitubor of such ncting olectrons in «acU ntnin wrb About half 
lJj(» viiluo of Uio ehomkiLl Atomic wcij'ht of tJic atojii. Tliua ilmt were 
eoimtcU the olcctrundin im utom. 

Ruthorfoni Atnl bU pupilA, nidod iiy ilio tUALitoniuUcal uiudysis of 
Damin, UU'klwl tJio iiroblcju frenn a dUTereni point of viflw. Tboy 
studied tho fiifiiribiithm of dflficctiou of dpiiA pariirltiSj sliot out of 
mdioactivo tontcriaU, an tli«a aijdm particles traversed lUin stiecU 
of solid iimtoriAls. Tl*ey found tlmi, this dlstidlmtion was {jiuoiti- 
tativcly wlunt would bo cxpectod if tbe dflllocLions wore produced by 
ordinaiy elcctrustotic forces, varying as lIlc square of tliii die Lance, 
Lei ween the ulpba piuiicle and a very* amail object cutiUunin^j ntosi 
of ibo tnnss in ciud) aUim. Tbay wore tluis ublo U> show tlmi tbis 
siualJ object is nut more iluui ouc ten-tbijufiaiidlit of die diameter of 
the Atom, that it eontAiiuKl siiitstanualiy oil the muss of (bt; atom ainl 
tluit it carried a posiuvo ciectric cbatipi equal, in electronic units, to 
ab<jut half the cbeniical atontic A'cigbt of riie atom. 

Thus arose tbe concept that the atom is composed of a positiva 
nucleus of smalt dimensions, surrounded by elec irons to tbe niimber 
of about balf tbe atomic wcifcht. 

This tied scarcely bec<imc esiablisiicd wluui it was UriJJjiiJitiy rofitu^l 
and extended by bftjseley, just before be wi-nt to bis imtiuiely death 
in tlie (Ireat IVar in Mosieloy bud made a motit tugonious study 

of the Bpectra of X>ra>'a of a targe number of the cJicmical eloments, 
using a modifiration of ilie X-ray s|>cctroscupy tccUmcjuc dovel(i[Hsi 
by tbo Braggs. I Je found that tlic sqiuire roofs <if tlio froqunnoies of 
the cbAroctcristic X-iay lines wore niuueriealJy very aijiipiy related 
to tbe number wbieb gave the place of t|ie clomout in tlic jKirioilic 
table of the elements, so useful to claunists but so tuilirtdy witliuiit 
explanation. Thus this niimhar iicquirml h definite pbysicnl signifi- 
cimce and is now well kiioA-n as tlio "atomic number." 

For nil the elements bcoviiir than hydrogen, this atomic numl>er is 
atamt bali Ifie ntomic weight nml, to ninke n long spiry short, this 
atomic number tnnm out to bo exactly tlio number of electronic uni is 
Ilf rliargc on an aioniic nucleus, or the number of electrons in iJie 
Atom oulEnde the nuclcna. At tbe same linic, Moscloy'a wurk proved 
lo ltt< one of i.Ihi grentrot ndvonceti ever nuide in the bailr iuterprotive 
sidi^ (if alien lislry. 

Now Limt tbn tiuinbcr of electrons in cacli atom was known, tbe next 
step was to wonder how tliey wore arrangml, what held them in place 
nml what they were doing in thoir spare time. SupgGfttloiifl wero not 
slow ill rximing. Tii fact, even before Mi.'iscloy^s work, two rivid theories 
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lind njtpenrcd, ona dt'vised by chembt Lewis imd exteudod by Laag* 
rnuir U> expltusi tbe diFeciiosuL ftytnmetricii tif ntonij^ os itidkaied by 
iJiuir mulvTiitar coitibintiLg rarnis, Atid the otUcr dvvbwt] hr pliyximt 
Boiir to Hceoiint for ejiectm. Cirndtiidly tbe Bohr tlivtfty 1105; bH-rii 
devoJoped to include Lbe gynimelrif's of the fjOwift-Luiiginuir Uieury, stt 
tbnt both intiy be said to be mctgfKl, ^ith many mo] or ndditintis too 
iiuineroiis to montJon. 

It Wits Ik>1ir'B bold goiiiiie to cast olT some of the fetters of ctossicnl 
mechntdes, wJddi bad been fairly well proved iimdoquatd to meet tlio 
fiituntioti, oud to detise a new mcfliiuucs frtmldy to meet tUe simplvet 
known fttcts of fttoiuio strucLuit! imd siiectroscopy—the liydrogen 
atom iiisd the atonuii hydrogen spcoirum. In doing no, lie at odo 
stroke brought into Uio snmo picture tlie quaiUtmi tlioory of radia¬ 
tion, tho electronic structure of tbo fttotn end tlie facts of BpcetroKCopy, 
lie ba<l bis electron moving in a clrttular orbit orouTid tlie nucleus 
tmdor tbo regular biivs of olocirustalic aitraclioa and centrifugal 
force. But ho stipulitted that only such orbits were posaiblo in winch 
die iingiilur niomenium of tbo electron was an inteirrni multiple ol 
Planck's ronsturit h dlvidoil by 2ir. Hu also nUpulatcd that the 
electrons sliouk! not mdinto eiiiii'gy W'tdle rovoU'Uig m their orbits, 
but only when they jumped from one orbit to tuiotlicr. In tUis case 
tho frotpicney of liglii radiated was equal to the change of energy of 
the electron between the tw'o orbits, divided by Planck's coiistunt h. 
Wit]I ibo^ assumptions, tho spectra of hydrogen aud of ionued belitun 
were quantitatively o.xjdaiii:i<d in their main features, but not in tlieir 
tinar details. 

Then ootno ilif Great War, and we beard lUtlo of ntotnia structure 
iu the Ifni tod States. But in Gemuuiy, Somiuerfeld w-ai^ extending 
Boll r's ideas i n most in tores ling ways. Go idm wwi that, by i;onsi<i e ring 
elliptic M well 03 rirciilnr orbits, and taking account of tho variation 
of Llie elecErun’B mass with speed, the fine detuUa as well os tlie uiuin 
features In. the spectra of hydrogen and ionixed holiimi were accurately 
explained. Ho uL!i*» showed how' the Uieoiy could be extended to di?al 
with atoms when' the re w'cre many decLron.^ nioving in orbits. TIo 
dbowfid that the!?# additiuinal concepts wch' in the riglit dirsciion to 
explain the more comjdicated spcctm imtb in tbo visible and in tho 
X-rwy regions, 

SPECTHAL JJhTji 

Wben this new work drsl w'os known in America, it started tho most 
fovtirifliv and ottnumt scientific activity tlmt llie country has ever 
known, w'hieh in still iu pn^reas with iitidiniini-^bcd »-'nl and with 
increasing productive effectiveiieaa. I well tuniembiir wbeti Lho first 
copy of Sojuttiprfidd'e Atombnu und SiMscirallincn cuiiic to America 
in tho poBscseion of I*rof. P. W. Bridgman. L'ntil later copied arrived, 
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ho knew no [i«kc« uuil Mijoyed no irriroc^, for ho was bniicgod Uy 
frionds nrantiDi: to rciid ttie book—vfludi ho would not allow to go 
out of h )3 jiossfisdon, 1 locoll, ioo, tlio suildon popuhirity uf ttio only 
iwu or throe men in Amerii^ who knew wtint u spectral series was. 
Heretofore, practically our only intorwt Ui spectra liad been in Uie 
culiuuiy variety of speetroaeapy uwmI by cbemiHta in identifying 
cheniical elements. No interprtiU^'O (piaiity to speuk of Imd liltberto 
Iteeii attached i-o tlie pcculinr mimericH) rrgiilHrities wlikji had hoen 
dbeorered in the vibration freiiuemrics of groups of spectrum linos, 

t recall, too, the dismay witli wliirli wo found only it handful of 
mathomatiraJ phyaidsta versed tn the anAlytieal dynamics underlying 
tiio new atomic strucUire thooriea. In liio summer of iD 2 ), having 
been taught by one of these few nuLtlieniolical pUytdeiats, 1 went to Uie 
University of Michigan to lecttira on SojnmorMd'o llieoiy. and found 
Ihura also F. A. Sautiilera, invitoil to Itupart his knowledge of spectrum 
wrire. In t)to a’intor of Born mid JonJui Laving just annotmoed 
a new development in ([iimitum meehanicsj I found more than 20 
Americans in Gdttinjn^r) et tliia fount uf quunUim wisdom. A year 
Jnlcr they wens at Knriclii with Selinidinger. A couple of years later, 
ficUenliorg ni Jjeiprig and tlien Dirac al Cambridge held the EHtjnh 
tnantlir of <(uuiitijrn lltooiy. In Atiierita, contrilmiious are coming 
rapidly, particularly in the fid (Is of application U* choinical inUrr- 
pretuUooa, inctab and otlior oomjjtoK diunUnits. 

Fnmi all thte liaa como die sltuo tion which permitted Dirao, a fetv 
ycara ago, to wrtUc “Tin* underlying physical laira m*ccse4Lry for the 
mathctnaijca} theory of a large part of physics and tlie wdiole of cboin- 
iewy ore thna oompletely known, and the difftculty is. only tlmt the 
exact application of these laws leads pi ecjuatioiis much too complies tod 
to be aoliibla.” But if ouy smbitioua young scientiat be diseourugtMl 
lest tlioru bo little loft to do, let liini consider tlte unr^lorod atomic 
mirJcua, or die fact Umt evoiy attempt to apply tliese laws, which 
look so aatufnetoty to us uow, discloses new resJim of knowlLtlgo sUl] 
uniixplotvd. 

Time forbids menrion of Utn most iiitoresting work wide 11 was dnfin 
to chock and extend the Uieoriite of atomic atiticLuro, tlirough diroci 
measurement of the energy suites of atoms und molectdos hy carefully 
eontrelJed tKtmhmilmant of these molocutos by eleetroUA. Begun by 
Franck and Hertz in Grrnumy, much of this work wa» done in America 
by Foote and Molilcr at the Bureau of Standards, by my students at 
Prinl^cton and by Tula's group at Minmsoia, all dnee 1020. 

Before leaving the mterpretivQ triumphs of tlia oloctron, Lowevor, 

I cannot refrain from jumping from the atom to Uia univensa, to the 
intorpretfttioa of conditions on ihei stare. St>(*clra of sUra had lung 
been known, and these wore blorpreted m indicating tliat some store 
consist principally of hydrogen, oUiem of helium and otJiora of many 
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dicmical dtmiionte like OUT ail r>. But in 1023 , a joui ig ludipliyaioui t, 
Mcgbimd Saha, opiiliett atottiic atrucl uiv lluw^ and knowle^t of 
ioDiziiijs potpntlala to tiie sun and starH, Ho coiudidoned ioubution in 
tbo hot YHpots of the stars to bo like a chomica] dlBsociadon ptodutt'd 
by heat, in which tlio products of difisociaUon are electrons end the 
podtivo uuiic rodduas of the atoms, and in which tiio heats of dis- 
jKKuatimi are given by the ioiiijUJig potendnk of the atoms, fn this 
way was dovclopod a ratlotiaJ ipianUtative mterprctalion of stellar 
spectra which has thrown otiormous light on the proltlau of conditiona 
of tomporatutB, pressuro and i-ondition of the chemicid elfimento in 
stars. UuseoU in America and Milne in Engiand have ahly applied and 
extended this tbeoiy. 

THE ELECTRON !N [NDUBTRT 

F'mully, t tome to the last pUaso of my subject, tlic socin] signifl- 
calico of Uii- ohxlrou. By lUfs 1 mean, of course, Its useful appWca* 
tions. The Tiral of tlidso was Etliaon’s invention of a liiermiouic rec¬ 
tifier, based on Iub dlujovvcy timt ncgntive cluotricity would flow 
iioroH* n vacuum from a hot hlamcnt to an adjacent eleotroda, but 
would not flow in Uio opposite direction. Tliia wits mmie years before 
the oloolron wiis discovered as tlto responiuhlo agent iu this plienom- 
■mon. But witidn a few yoara after the discovery of the electron, 
Homing hiiil fdiown that this same device will ope rate to rectify 
radio wave impulBea, and thus permit i.heir detection with a sensi* 
tivB dlroct-currunt instrument. From this was patented tlie Hemliig 
valve. 

Once the htwic idiarecter of tliertiuonio omUsion was nndanrtowl, 
and spiinod on liy tbo opportuDiiles opening up in the radio fiptd, 
now inventions^ imprgvunionts, and applications of (henniunJc devices 
came rjipiilly. Of major importance was tlio thtvc*eli>ctrt>de tube wn- 
plifier of lie Forest. Lidtistrial research laboratories hi tho com- 
nmnicntioiia end electric manufueturaig busiueiifl took tlio toad in 
dpvelo|iLng techniqiiea and in penetrating sdentific pxpiorafion. Koto* 
worthy were tlie viwnuni techniques and the riiotnirriolocnlar layers of 
activating materials deveioped by I.4tngmuir and tlic higli-vacuum 
tlicnnionic X-ray tnhe of Ctiolidge. In the Bell linburaUtriee, oxide- 
coated filnment tubes of good performance were davelniwd and appSioil 
partictdarly to use iu long-distance telephony. Ijct me give Just two 
LUuslratlons of the miirvulous powers of some of tlieee instruraenta. 

It has Iwen cakubiJoti (lint tiiO energy* of a trans-Ailantic radio 
dguai caui^it by the receiving stailrm in Newfoundland eonias in at 
about Iho rate rwpiired to lift n Hy 7 inches in n year. 

Wliwt ia the largest number that has any phyaicat signUlcanr^? 
Tliia is impossible to onawer, being larjiely a matter of defuiitloii. 
But one common answer to Ibie ia or one followed by 1 10 
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cipL<«n$, 1 hL" » Hhout the (lumber ijf nleotrmis (tliP stnalJo^t tJjlnfp} 
khowu) wliich wtMilti !>#> tn fill up ihp univui'si] to tho ^trcdt- 

Mt 4lbttitii‘c« (liscni’iTod by nstronoiuy, if (Lo eloctroiua could b* 
inmgiDod to be dosoly pnrked aide by sido to lill up i.liis wtioio 
Vet tliis Qunibcrj lerpo it 16 vtw H niull IjiiIl^u^I i^-onipaff^d wilU 
the factor by whidi liie unorgy of & vciipo etriking n (ckv 

phojic troriBniiitor iu Suti Ffniicisco is ntupliflcd by vioctrouic iiibejt in 
ilio process of a lung'<r[at«iii'0 tdejjJiotio con versa tioo to London. 
This ampltficBlion factor is almiit t0“*, or unity folto^vod by 256 
dphere. If Uic (iniFcrae were ttiultiplicd in site by the number of 
times it ill larger ilian on electron, it noutd still not bolil as nuiny 
elcetmns as tlie number of thia tdejiJionG amplin<.!&r.i4.in factor. 

Then, mostly wittiin Id years or so,, luia como an actiTo tutroductiun 
of thermionic devices whtcli bjh* uot liighly ovacuiUcd, but nperate 
with siipplomentary action of intense ioiiiiiatiria of lUc gas in the lube, 
biist of tlaise wore the )o\v-voUsge arc rcctifiem, like the tiingar. 
Most interesting and veraatiJe ere llm thyratrens, which permit oasy 
control of powerful currents ami nmcttiitcry, and give anew means of 
oonwrlitig alternating into direct currentj or vice versa, In iliis 
group also uro some of tlie new types of lumps, of high cHicieuey or 
special color. 

Not so striking, but ccjuiilly intcreating, have biteii the iLsafii) npt)ll~ 
catiom of the pborodoctrio effect, h’iret was Uic use of sensitive 
photoelectric cells to replace ihu eye or phoUigrfi[dLic plato in astronom¬ 
ical tolesco|M!s. Then r<uiu' auiiahiiie meters, devices to open doors or 
coiuit people or sort iiterdianrliso outomatiniliy, or to register tlio 
speed and liceiL>;e number of the iniwary aiitoist. Most im|K)rtant 
I bus far lue the curmnt-prociiidng moclianisrafl in i ho sound-movio 
apjiamtiis and in television equipment. 

U bile, commercially, radio, sound movies, and long-distaikco lelopU- 
ony (iro at preaent of greatest ijiipf»rtatice, of no less importanco, 
especially to us os seioniists, are the nturi-cloiis (4iK)la i/^ hich have bwn 
put Into our hands for fiirlJirr research in pniciically every field of 
sciwiea, from phyeiris and cj»emislry (o peychokiKy and criiiiinoiagy, 

.S<» wo see htiw, within one genera Uon, tho olcctrou Jius boen ilis- 
eoyered and examined, with its aid nur intellGciual outlinik upon tUo 
imivom has cxjwndod in contoiit unci fumpliffed m biisie concoin, ami 
in ito use numldud has tha most vcsreatilo pjol over iitiliEed. 'I'he 
end of the stojy w fur Crum told. Evutj- fact or relationslup of ilie 
electron appears huezy with unccrlaiiiliea when dmcly raamiund, for 
it can truly' be said that every discovery discloses n do?scii now prob- 
IcniB. The field uf praetical and commercial uses of electronic devices 
is certainly still largely in its early stages of exploration, 

Tlib story illustrates in vivid manner u number of charnctorMtii^ 
of scinntific work, some of wydi I iihull simply Rnuinerato; {Opmg- 
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fees comfls by spurts of n.{.k'ancc as some hip nsw ideii opeus up dcw 
icrritoiy^ ultonuttiiip with pcrtods of coDSoUitallou} ( 3 ) pioprose 
eotucs not by roTOludon or dkcardiug uf past knowledge and. expuri- 
ODC«, but is built tipou post exiKsrieuco and is its uaiund oxtetisjoti 
once tbo visiou. from niiw vanlngu points is sociircd; ( 3 ) Iboni is 
nothing so practical in its values as saoumte knowltalgo, and tha 
punniit of such knowledge] Ims bcsii most successful when not fettercMl 
with the imtial demand that it bo eUroctsd toward prscdcal ends. 

I wmuKl not give tbo improssiuii that it is only the olootron which 
has givea new life to modern pliysical science. A stoiy of similar 
iiitorcsst could bo built around Lbo now coueepte of mrliation and 
atomic onoigy- op expressed irt the quantum tlvoorj’, or about tlio 
ebjctron's big brother, the proton, or hia natUor nondosetipt oou^, 
tbo ueutron, In Uie atomic mtcleiis is a field of further explomtiou 
of enormous promise, now only hfiguiiihig to he opened up by nso of 
radiouolivo maforiaJs, cyclnirons and high-voltage genera tore. 

Although these tilings have happened vciy rocontly, no one has 
bettor described tiio procesg and iutaHectual value of this l^e of 
seteutihe research than did Arista lie in itio quotation which is 
tnscnbcd in Qreck on the facade of the Kational Academy of Scieuocn 
huililing in Washingtou; 

Tbo wanb for truth U in one way hard «uj in nnotber tsMy, for It I# oHdent 
tlmt no ow ona oiaatcr It fiJIy dot niln it whotly. But iswh adtli a lUtls to oiU' 
kuDwliHh;o of Nature, and fflUD all the favU aawiuhkd tberv anjo^ a eertaia 

gjudtur. 
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{WfUi n filnliwl 

Wo am UUbc! r.o eonio of Lb a nioaL braiiiifuj pbtmnDioaa. in tlio 
^omnm of light, Ota* eyes rpsiioujiJ nntuiBUy to diflerante® in color 
nod it! UitonAity of light, and it is by tlicso dlffcroncos ttmt wo iirv 
able to SCO tho world omund iis. Tluiro is onothor proporty io whitth 
light roy® mny ttiffer, but our oyeo, imuidod, cannot see thoso diffop- 
0114613, This property is enllod polorijaitjon, and is concomed with 
the tiiiuiDcr in w'hti'L Ujo light ray vthrates. Weru wo able to see 
unaided tiicse di^erenccs in polarization, wo would be coiisctous of 
a dark wiiie bond aeroao the sky, normally in viable. We would itJso 
see oliUqno reflections darken, and wo wnubl sec benitUful color 
elTeets In aonio conitnnn ininsporont matoruds. 

WHAT IS POLARIZEn LtUHTT 

Wliile the niiture of light U nut endmiy imdemtood, iimny of ils 
dfeeb) con bo nvpkiaed by tisstanint; tlmt light is a vibratory niotioii 
which goes through space in tlie form of waves. Among tlicsc 
cfToeta is the polariiialion of iight. Tbo vibration of u tight wave is 
not along tho direodon of tho my, as in iho ciiao of nuiid, but b ai 
right angles to iba ray and uaiuilly in all posaibk direodons, lluit ii<, 
up and down, sideways, etc. It is po^iblo (by vniioua devices 
gonemlly known ns polariKers) to clmnge Lhi* Light my so tlint only 
one dlriM'tiou of vibration k left, The ray is then said to he poInriTierl, 
or strictly speakuig, plum^poloiised, 

A number of po1ari?ing devices have boon known to scientifie 
workoiB for miiuy years, but Iboy have involved the use of priajns 
having a very small field and uoauited to photography. ’I'be in van* 
don which makes tluj Pola-serocn posaiblv Is a polarizing Buhslanee 
in slioet form conlaluing countless mtnnio, rudllkc crystaU which 
sre pamllel (o each other, Tl» Enstmen PoIa-erJfBcn lype I incorpo' 
mtes this sheet materiid eemonted betwoun ^uss plhtas. 

The vibration phuie of tho polarizer is parallel to the vibration of 
tha omaiging rays. In the Pola-scroon, the dirortion of the vlhmdoa 

» Rirp|tt4i^ tff iwniMm JfHHi tha A^ipriwi AheuihJ of nwio?rriipfcr, V/f*. 
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piano is giA'cn by thn cugruvcd line on tbs in<lioator handle. In 
ligure 1 ordinnt^' %ht is coming from tho left. It is vibrating in all 
directions. 1b tlmn posses through the pohuizer ol the left, the 
vihrotion pbino of vrhich ImppenA to bo vcrticol. The my ia pohtrued, 
vibrating in o vortical pln&e only. If this polniheor hod l>eoii planed 
with its vihrotion {ilune honzontolp then the roys would vibroto in a 
hoiixontot plone. 

If n second poloris;er is placed in the path of %ht which has loft 
the first poloriiior, onothpr interesting property is brought out. If tho 
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IwwL Whu Ifni titmlloQ ptiiw of Itw mdwI PntiMmio If il tUhtumlc* to thifitu, podlfinJIr rat 
oliNlu* \bitiX iiti ihrwctti. 


vibnition piano of the second polarhor Is piimlle] to Umt of the firat, 
Lho my is transmitted freely, still vibrating in tho annio (done, us 
sliown in the iipi»r dniwiug of figure 1, Tho itoluriTere oiv then said 
to bo jHitafid. Itut if the second polarirer ta rotated^ tho intensity of 
the light» gradually cut down, imd when tho vibration planes of the 
two polamers are at right angles, aa in the lowest drawing of ligure I, 
practically tu> light is allowed tbiough. The ptjbriisom are than said 
to be croiuaaf. 

These prot>orties ore suntmnrixcd in terms of n Poia-scmeii thus; 

t. Light transmitted by a PolH-acteen vibrates in a diroolion 
paralJd to the indicator handle. 

2. This direction of vibration robutos as the Polo/ociecn is rotated. 
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3. Light already polnriaod wiil pass through a Pota-acreon tuost 
freely if tJie ray is vibrating (malic) to the indicator hondlLv 

4. light already polariHod^ which vibrates at right angles to tiiv 
indicator handle, will not pass through a Pola-ftcrec(t. 

We can appreciate these peculiar properties, if we arrttnge two Pota* 
Bcrcena togetlier, as b plalo l,eo Dial the vibration planes are ptuallct, 
OS iudiicutod when their handles Jire imralbl to each other; we ace tlmt 
light U transmitted freely. Tf one Pola’Scrcen is turoed so that iu 
handle is at right angles to the other, practically no light is iransmitted . 

THE BOUNCES OF POlJtMSlEJD UGHT 

It is HOW’ evident tluit we have a tool possessing unique istssiliilitics 
b controtibg light. As the photographer is veiy niurh concerned 
in controlling light, this is naturally bteresting tn him, I'lni value 
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of this new device lies b thu fact that there arc two sources of polarized 
light in natiirot (1) Ordinary, tin polarized light, specularly reUectod 
front any nonmetallic surface at aixtut 32’“37^ to the surface, is 
strongly polarized by tba act of rollcction, as shown b figure 2* 
There is some effect at other angles, but none at O'’ or DO*. (3) Tim 
light from a bliio sky, which comes from tlw region at right aiiglcti to 
the sun’s rays, is strongly jwlMiued, as sliown b figure 3. 

P0LA4JCIIEEN AT THE LENS ALONE 

Smeo light rays which are reHecicd obliquely are pidarized, ihey can 
be sk»p{>od with a PaJn-screcn, and we rgn photc^raph obliquely 
tluough glass or water b such a way that we snbihir the suifeco 
reflections Ur show dntail fteyoiid. The light froni tiio detail beyond 
tlje surface is, b general, not polnrizeii, and therefore will lie rrons- 
mitted by the Pola-aorean at the lens which at the same time will stop 
the light reflected at tba surface, 

OBLIQUE REfT.ECTION CONTROL 

This propi'rty has direct application to phutogriiphingstore windows 
wliere their dwtigii is such that an oblique picture » desirnhle, as 
shown in plate 2, 
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Tho iihotogmpliy of Doonngs » anattifir sphere of iiocfttlneas. The 
reOectioii of windows luid %ht colarotl wolla are fr«]iieniJy tivubte- 
some. 'Flko poLtoni in linoteiim Hoore and Uio gnuti in ih-fKxi floont, 
AS shown in plots 3 , CAti be broti^t out in a very striking manner. 
It so happens tliat the ojigio 0011110117 used by tlie photographer in 
photographing a floor or floor coveting is such Umt Uio Pola-acreen 
is very e^sellvD. 

The Polspscreen has a munber of appUealiona in anrhlteoturn] 
photography*. It occasionally happens that il building- in to be photO' 
graphed late in tits day, and an undesirably bright oblique rellocUon 
from the low siin partially hides detail in an exterior wall, Tlio 



CiXAA BUOC sarLIGHT ABBlViNG 
AT BIGHT ANGLES TO THE SUNS 
RAYS IS POLABIZEO. 


SwL-Mi a~T%* iSt wmf bi Sirrkiwii bj iba Pali n T u n irtibfflit tOmiinr Ui* mig wh uww mix to iHw 
IdiqttDiuiil ctljMti. TM lOWIlM alMl I* MUiJHd WUS IN NbM uO Mutblr *1 illbl aSetB te lb* 
MWY W*. 

Foln-scrcofi eon subdue tins reflection lo show Lbo detail desired, 
IteflecLinns from tile and slate roufia can frequently aubdiied oa 
diisiriHl. 

Anotlier application concerned with nhli<tue reftsctiuris is iti sutb' 
diihig rdlcctiuiu* which aro distniotuig or harmful to best ootnposi- 
tion. In photographing motor cor&i It ia genKrotty Uceirod to siibduo 
to some extent tlio glossy rcllootion from the sides and tops. As the 
motor car is frequontly photographed at on augio to the cmiicm axis, 
consiiierahlo ooutrul of such refloctions is possdfle (pi. 4). 

So far wo have conshlered only ohUque rellectioua over which cou^ 
trol can l» oxercisod with a ninf^ti Polorscroeo at tiw lens. To siitu- 
tiiiirisse—while many red actions are deairablo horatisa tlioy reveal 
texture, form, and pnsition of objocta, reftevtions should ho and can 
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bi> avdiiltfil ill liie foltowin^ euscs, if h emp:](! Polu-^urcon is used at iku 
lens: C^) t'liotograpliii)|' ebliquoly liifuuglj gloss or water; {3) photO' 
gmpidiig a Niirfuce i)i^ do toil of wliidi ia o]KM^tl^ed b; ohiictua Jt^Dec' 
Uotio; ( 3 ) pliotugmpLiing where briglit ublic]Ue ref](^et^011A inUirferr 
wiUi goi>d oompoaition. AU those coses of oUiqiie rellectioti control 
Apply ut tiotunelitllir siirfacea. 

8 KV COnltECrJON 

Coutroiniig iJio tuigliliiees of the sky is uiiolJier llelil of usefuliu'ss 
uf tbo rUa-acroiui ns mciitiouDd buforo. TLnic is u band in the sky 
frcmi wliich ilia light U strongly puliiiiao^U Tliis boinl is at right 
angles to tlio sun's rays, ua shown diagnuiinmiioJIy in figium 3 , If 
wc miagine tlio lino from nnrselves i« the aun. ss an sxle, this Incnd 
forms a wbocl in iho sky eroiual thia tiAle, with us at iia wsnlor. 
'rheroforo, at aunrieo the honcl is nortli, ororiieftfl, sonth; at noont 
near the bonbon in all dirficiions; and at sunset, north, ovorhend, 
south sgaJri. Tlio bond awinga fro in uvor]u>ac1 west duriiig tbe morn¬ 
ing, from cast to overUoad in tho aftemoon, passing through every 
part of till' sky, TIio band ts suflliuiiTytly wide to proviilu a burkgromul 
in ordinary phtdogrAphy. Bceauso dm liglit from Uila band k {mlnr- 
iKcd, we cun duninkh tlm hriglitnesa cf this part of Ibo sky conddor^ 
ably with a Pola-^ctoen at dio lens. Tho indiontor handle of thn Polo^ 
BOireri provides a Blinplc iiiouns of aotUng thn Po1a*si‘n!on for niaxbnuni 
off sot, ^Vfmn thk indicHtor handle points directly at Lbs sun, Lb at is, 
W'lion its shadow falls along itself, the darkest sky is obtained. No 
effeot is ubtnhied whesn die camera (mints close to the sun or ilinw^tly 
away from it. rolA'Scrceu cotitrol, of oouise, applies (n a clear blue 
sky, as the Polii-acreen has no more efFcct on sky romplctclj* oliet'ttml 
by ckiuda Lhan rlniia a color liliar. 

The question nriseb, how docs Uiia metliod of ilarkcning the sky com* 
pDTo with the use of yoUow or red fiUorsT Granting that the pintnre 
to bo taken is in such diruotion with mlallon to tho sun that dio ruin- 
Acrecii applifs, the use of Llio Pobt-si^recn baa two advantages^ Tfie 
sky only k nffoeted, sinco the light coming from the fnregrnund obji'i'.i 
is not polnriasd, Tlinriiforo the uiorioctimnu' remicring of tfio fore- 
gniirnil object k not afrcctod, as Hhown in the pholngrapl) of Uie yuUow’ 
brick Iniildiitg ui plate C. This rendering rjin In? very acrioiisly 
affcotiHl by thn iiso of yellow or red filters. Yellow or ii»ii brick build¬ 
ings, faces, and other objects reddish in odlor, pLotogtaph iinnaturally 
light; iilue objaetB phoLograph unnatunilly dork when deep yellow or 
red fUtors arc u«*d, Thn ncoond advaivtogc in favor of the I’Ola-aorci.'ii 
k LliAt tho effort k variable. By merely rotating tho Pola-scrcon at 
the lens, any ('fToet in the sky, from very light to voir ilark, may be 
obtmricd. 
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Tlio i*olii-£crcoii may lj« uftMj iv'ttli u itutur filU’tr, tf wo willing 

66cji£cQ «omie color roTitkrttig, wo can obt^iiii &kj’ olTtwt<i Mmilur 
to tltoso Ell mfriiFKl pho40gru!>t)S, uii ordinary pmirliToniiitio timfofiajB 
by using I ho PfijH-scmcn wilh n rtsd HI tor. In ^nio such 

phutogrnplts uro proforable bei‘ai4S0 the trees utui gross sro not nen- 
clcrtvl e^tromotj’ tight iw in Uio ease of iiifnirGd photogrophs. 

rn1»>scrccn ofTors fJie only known wuy of obtnining dark sky efTccta 
in color photograplty. 

Porhaps llic most bonulifu! results with tho Polo-scrtMin ore o1^> 
tolned with Qio dark blue sky as bockgroiind when objects arc tdioto- 
f^ildied in tiatuml color, Wien we look ul obje<!U, such as blossoms, 
trees, biiiklings, etc., against tlie sk)', ordiiintily we cannot fully 
K]>proi‘iatc their colors because ilie sUy is vnry ttiiich brighter, and 
our eyes tend to sock tho lighter part* of the scene, liVlicn, however, 
the sky is darkened, many things assiunu a now and strange l>eaiity, 
M(Uiy subj(»;ts are rciidcrod actually lighter ihiui the sky background, 
so that our attention is no longer diverted from the auLjcct but is 
<lrawti to it fur a full appreciation of ita color and form. Tito PoIh- 
screen typo lA rather titan the typo 1 is roromniended for eolur 
plicitngrapliy. 

So far wo hove dJaoti^eil what can bo dotio with llm Poln-acreen over 
the lerus idone. For llieao opplications the exposure turretiso is about 
four times for the type I Fola-aorcuii, and about two tttnea for the typo 
[ A. Theeo factors apply irroapeotive of Itio angnliir position of the 
rola'Scrcoa. When used w'ith u yellow or red filler, tlie type 1 J’uIh- 
soracii factor will be batweoii two awtl four, v, liicli aliould Imj multiplier) 
by tlia factor of the liltcr, 

rOlA-SCREENS OVER IJCNS AND LIGHTS 

We all all now turn to effects obtainable with a Pola'acrecn at the 
lens and largo Fola-scroena ut I ho %lit8. To umlerntaiid Lhcae 
ofTecta, lot us consider for a moment the nature of the light roflcctod 
by niOfet common objocta, Tlie light rellectcd from most surfaces 
consists of two parts w^hieh arc teclinicolly known as the spccnhir and 
diffuse components. The spetmlar coinponcni forms w'liat we know 
as gloss ond onablea na bi sec nioro or less diaUnetly on image of the 
soiirco of light. Light rcHectod from polished, metallic articles is 
almost entirely specular, wbcrotis that reflected fnim chalk is ahno.st 
entirely diffuse, Tlio diffuse coiii[mncnt is reflected withoiji gloaa in 
all diretdions. 

Now, if the ray of liglit which is ilJijminHting the snlijrct is poliir- 
ixed, the reflected rays which form the sx>ccular component are still 
polari7.ed, but tlie rays rellected diffusely are not, as shown in figure 4 
If ivo look at Ute subject thmi]g}i a Poia-flcrcen, wo cun turn the acraen 
90 iliut pruciically a!! of (.he specular refleelion h« sUipped, and bco the 




Biibjocl by diifitsely refbcied Jigia. 'fbia foci, wbidi ib cxLrcincly 
ii»]H>rtnnt, many opplicatioiu. Tho use nf pDifl-acjcoofl in 

front of the lighN, Uluzninotcs Uiit Bubjwt ^ilh poSariiGd %bt. 
jlnotbcr sud) device at tbe camera lens pennita phatograptiing by 
diffusely rcJtccted Ugbt alone. Tbts ia desirable ui many cases, be¬ 
cause tbe e]>ocul<urly reflected %Lt obscurca more or less Lbe detaU 
wiildi it U deeirod tu record. If tiio Polo-screen at the ctunera ta 
rotated, aoruH of tbe specnilar light is allowed tbmugh, so that tbe 
nmuimt of reflectioua ]H'nnJtted is imdcr Uie control of tlic plmtog- 
rafiber, Wlictt dm ciiumni Pota-sorcen is rotated so that its vibration 
plnim is actually i)arulld to dint of dm apeeulor ray, Uie ray b tnuuv- 
micted even more freely titan is the [UfTuse ray, so that the subject 
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laitjr ilmIt ma.y Uk byik Pelfl-«T«B at ^IwcMsA E IMldwi*** 

ijim 1; IT lutlloila ii Ivfv l^olA'VcnmL l>’pi EX. Tba liKl^rta m Ih4 two Fit&rirRiBi iJicnv 
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itppoats to Itnvu even brigUlcr redecliotia tind mom gloss ttmn it 
actually does have. The most important point about reflection 
ooDlnol with Pobi-scnuaM at both lens and Ltgbia is the freedom in 
jibotograpliiug-iuigla. Tim use of u Pida-screot at the Icnfl alone 
restricts tbe rcflectidii control to surfaces oblique to die camera axis, 
but tbe tcHdiniquo jual described impt»<ea no sueb restriction. 

Possibly the most valuublo uppUcalian of tins tecltniqua is in copy¬ 
ing photograplis and other subjects whoso surfaces up to now have 
boon coiudilcred unsuitable for photographing. Mucli of tbe light 
reflected from tbe blacks of a niatte or rougli-surfacctl photograph, 
for U19lance, is spcoulurly rodeeted, and, tbo^ure, con be cut down 
by die Pola-scri'cn tecbniipm, resulting in u niucb deeper bbick, as 
slioKii ill [tlste 6. Such pbiitogrttiibs, when viewed or cofilcd by polar¬ 
ised ligiit, are startling in ibeir changes. Tlie surfiico tcxturCj which 
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ia iLiiiidly Iroubk'^mo In tlif rotJgli^urfamJ iirlnt, pntcUuiUlv dbuip- 
pcnrSr TJluto lx uIho a gnsjit jmprnvi!m»nt in tlio rRmierutj' ot ahndoAv 
dcluj. 

Oil paintingst, onjinurily vnry dilTiciiilt to pbologrttph, hc«omo Te;y 
simjilc Tltc rcHcetUma from the conToa texture, from vamiah, 

from nge crncka, nnd from the pigiiionts thrmselrea dUoppefir, so tlidE. 
tJjo picturo is not obscured by rowis of bright spots. We eun non. 
recon! tlio puiniing insu»t<i of its surf&ce. 

Tlie nffecL of tliis oouIfcj! uu pollHltod oairrs] wottd U nunarkiibie. 
If we go to thu Gxlnme.', titi< griun is brought out in a nuiiarkubiy 
ckuT momier, imii Uiu gluas pmeticftily eliirutinted. Op tied ly^ wo can 
ruinove tbo vnruLiL, If wti go to tln^ other extreme, that is, eotting 
tbo loiia Pcilii-iMirTjou parallel to tliosra at tlie iigSits, tho poU^ ie cn- 
honcoil, and ibe griiin aul>du(?d. The control in ttiia direction is less 
than that possible in subduing the rcdcotioiis. 

If it is desired, tlio redGctions from imusparoiit wrappings ma^' Iny 
greatly subdued. Tlio oifacL on laccjUfir b (piito renmrkablo. Glossy 
locquoT uuvy i‘o nmdo to niatto or its gb>sairiesd tuay lie ap[miv 

ontJy incrcastNl. 

PolH*arcflnB should be paTtitiiiljirly Yaluflblo to tliooe engaged in 
clinif^ pliotognipliy. Tho refitjctions from wot HurfiMics of climea! 
specimens frequently hide detoil wtiicb it is desired to record, 'riicso 
roflcctlons may bo subduod to any desired oxtent to ediow up detail, 
Oju> of the olfccts of removing surface relleetioiffl b to show up vnry 
strongly auuili dlfroreuees in akin color. Siigbt akin dbcoloruttous, 
Indpictit nudios, and so on, may bu sliovsm very woU. 

Wo believe that tJjore are n iittinlwr of luicspUircd fields for tlic 
Pols-scrceu, fur instance, iu lumsiiiHl lightings mul imusual bncl^Touuil 
effpcta. Aa otic example—if wo place a light directly in front of the 
eamcira, tho lens flare nornudlj resultlnig degrades tlio contrast i}f ilis 
pictuTO. If roia-flcrocn.'i ore ptncix! at tho light mid iho leua, tbs 
brightuofla of the figiit itself uuiy be very greatiy auhcfueil witli very 
llttlo slice I on tim illumiuation of the eu bjcct. 

A background of varinblo briglitncaa is prrtvtdi'ii by the mm of on 
aliiminiBetf sheet (bucL ns a tiine or Ktidiwcoiw HCJofm)! lighted by a 
spotlight tiirougb a type iJ I’ols-screoti. Tlio sheet is plucwl to throw 
tt bright niflcction into the lens, Rotating n typo I I’o!ft-«cre*ii at ilia 
Ions variea the background hrigidness from very dark to veiy bright. 

Anothor effect of j}06aibie interest in motioa plclnro tide work in¬ 
volves eclluhwo elieoting imiJ imnsparunt cdiuloso (npo. Whim placed 
between crossed Foln^remis, tho fliwstiiig can !« mado lo apimar 
cjthnr light or dork, dopomling upon fia augnlar fmsition. V'nrioiis 
colon* result from the iumi of vniying tJiickncssca, so tlmt patterns in 
fiviil color <wn Im formed by multiple layemof the cfllhiloso material. 


TECHNICAL DETAILS 

Tito tncml fiuiiaUlo tu^nilv^ maioritd:^ for with arD 

liii* p&ndiramatLC matoridji now in uec. AJUiongk it m pofk 

fdhb to um ortliochtutniLib or eev^ noneolor-BtinsiLizcd mulciink^ the 
f xpwnre incroinui is grontcir. 

The PQla-ecrc<m for tona use tntisi bo fficrconcHl from dl oxtriknooua 
light by tho proper Iona IkkxI, 

The screens mipplied for liglit source use are not aulinble optically 
for iim over a lens* Noiiiiar can rho I\ita-scnson for tons iiso be ap¬ 
plied to UghlOn 

WITAT CAN UK DONE WITH KASTMAN TOlA^CHEENS 

A. Po^jL-fliTrevD (typu I or I A) at thii lens only i Expoduro lULTcrtae misilniidi fcaur 

llmts- 

L PholojcmpLlius <ibltqtidy ^ImB w water. 

2. Biilxiuing oblhiiio feiflL'etJoiift whiuh M6o aurface diflEiJli 

3, Subduing brlglit oblfciue reUcctioit# in lileh inbcrfeie with gond eomi7C*l<» 

ttnn. Hill ot>lbiUi) iDUtitrUon ornittp! 6 <^ fifit apply to nkoiaUio 
furfam, unim Pobwacmna arr tiHHl ovtt tKith Inna and light*. 

4^ [>«,rk^[iig a bliiA Rkr when phetOfErapliiEig at right ongliu to the urn. 
Tlio nifinociiroiiic rendioring of tlif subject pUotogmpliecI Is not 
fiflocted. 

5. Tiio type 1 A can Ik u^nd lo tlorlirh u hliEc wlwn 

photograpMug Lo natunil «obfp m witli Kudacliiume, 
n. rola-aorccut (types I and TI) at lioLh kiu and Ikpoauro iw* 

i|Mlredf IS times and up. 

1. Coiiylng nMigb prinLip motto ptinbn, duTnagiMJ pnntt, and DllpAlnHegi 

trhielt idiow idrvng roltootEmia due to cmek*^ cabvni lciturtc» or bruMb 

niarkK. 

2. Copying ony auiijcri with Ibc ttglit* uadllfujved iwnd qidlo cloflo to Itio 

camoiti. 

3. Bkibdiilng liic nllc^icoalti triiiny •tuEirtinibj^t*i'whcibiir or rtoiilrw 

itFUqaUtma aro oblii^ito- 

4. Cri^ting aonaual JlgbilEia and iKUTkicmiirLrldFoclH- 

Tlio novdty of thia subjoct makes it difTieutt to eay \mi wh^tt ajn 
plication will be nn»t vdunhlo. It IB| ho^vuveri a new tool, ijy wlilch 
new ofTocia may Ixf neliievidi and its limits arc ini|K>sed only by llio 
imagination of the user. It ia 4j|ienlng our eyt® and our eamoraa lo 
some of the imseuu beauties of nritum,. 
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MKASURING GEOlAiGIC TLMIC: ITS OrFFICULTIES 


Uy Ai^jsn C. Lahe. 


IWIUi 2 

lo inc«i 0 iiriDf,^ anything:, thiw tlimBB ftro iiocc^ssary: First, a dc^finit^ 
starting point; s^cotid a unit uf and ihinlp a nat^Hiod of 

rmiridiig lliosei units. All proeaj^^ may akci Ite dividod into tlirri' 
kind^. wliicL wo lm\-v in Uit^ go<ilogi« fttory and wliirli are vndpusly 
iLsoful in inoasiLring: The poriodir> tlie prt^gressive, mid the 
paroj^ysmnl. 

Tlitt periodic processes ere fiOt incroly tho^ that depciid upon the 
rlnyB and the yoariy seasonal but also longor cycles, such as the 23‘* *yeiir 
double sunspot oyclot and the So.OOO-ypar prece^jsioiud cycto* Others 
nientionod by CTloiigh luive boon diligently aoughL Tho only one of 
these of which there apjieai^ to bo fin yetlnilisiiuiitldo gooldgte o^ddenee 
is the double sunupot cycle, wlijdi Abbot ^ and IJnsdley * Inive Mtiidied. 
To thU mniieir we wUl return Inter. 

The }irf)grcssive procesBcs nne the one-way activities, sticli aa cooling 
nmi the lowering of condnenta by riversp which **draw down LH>nian 
hilts and sow Ujc dust of continents to bo." 

Finally, W'O have the paro^aruaj processesp, illustrated by iho eorlb- 
qunko and the volcano. Whenever W'e have a prpgre^ive nccuinub- 
f.ion of strain wduch relieves it^lf when a porticuliir lunoimt h reaclin^I, 
wo imy liuvo a fM^odlc mMirrence of pHroxynins, Tho dii^c illus-* 
tnitifin of rJib is die Old Faidifiil Geysar with j|s G5-mltiuti> period. 

THE l^TABTl Nf^ K>1NT 

Tlio etnriing point of maasurernent, com^pcinclhig to an engineering 
datum plnnCi Hliould be unhpie and wot oasily mklaken or confiuMKl 
with some oilier pt>irit. It should also be at least na precise oa the 
unit, ]jreferably more so* A cydicol process docs not in itself give a 
good starting poin L| fdoce conditions are ropouted over mid overagain- 
A year iniiat bo Ial>el6d by noforonce lo oomo uniquo event, sueb as 

t Abbirt, CJ. Ohi Hkr n^UUsn afi4 WUftltiit ^netm Ulm Mlaa. CtH-. V6lp«, Nw 10, pci. Tl-?fl, 

iim. 

• Umii9Tr w. u.p Twtvm »iih i^^ii bibUpfiiiilir. matta m to ttmin oi iHt KjiW&w* 

Rimfch Cwkdl Ci^OLiEtH {rn Urt tm/mumnwai e| nth* U f907. 
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23C .ANNUAL INfiTlTITTlON, inflT 

tilO Dotlojtttion of Iijd^poiideMo of the Unitwl Stutes, Not oxdy 
i\w birth of Vi imljoti, the birth of no individiml b a imtc|Uii 
ovGfit^ iitid il h rmUirtil in writing tU^ hif^gTApUy of an icidividual to 
!*liin wiii^ lib birtli* wlueti k n parosyKmttl and uriiquo event. How- 
oFCTi somp otboT DTOnt —hb aCTOssioo to thp dirotiOp Mahomet's 
(Cho Elcglni)^ or hU duiitti — ^riioy iJibo ho utiiquoj precboi Aod 
bettor known. TJie cbmnelo^ oeeardb^ to the birth of Christ, 
tmiquo- 80- ibol fivotit. was, wo* introduced lotif altar lib Me, mid lib 
fietind liirtli was probably not the roal starting pom I. 

Tliy !MiniP diffifruity ootoKi up if one wblies to metitiiirp geologic 
timo from the "birth iitne of the world/' which h die title of a hook 
by doly. We know Uio Utile about it| imd, in faot^ it b bard to 
dafino what we Hiean by it. It h theroforo not the pla<^ to begin on? 
reckoning. 

Tlic same thing applies to other poititis in the geologic story. The 
lorLber back we go 1 .he lUorc dilDcult it will bo to got a penenU apree- 
nient as to what should Ijo ibe siordug point, how tirodso H bj and 
what it means. To Ix’ suro^ tltc^io are sbownrs of volcanic aah (ben^ 
wliich must mark a rather precise epochj hut they ftro hard to 
rocogmao and are mnns or less liictd. While tlipy may W'nll boused for 
dating sums small bit of geologic time, tboy can Iiurdly lie a generally 
used starting pointy 

Li b a iribo Baying in geology Ihat the present b tho key to the 
past. The prasont b uniffue. It b abu houi fmd most prccboly 
known. It slmnld bc, therefore» anil b, Llie starting point for nny 
general estimates of geologb time* From it and from what has 
poned witinii the IdsUirj' of man we work backviwd. The cm diffi¬ 
culty about tlar pre^eiit b that it is rliangingi, but fur must of our 
geologic timo calculafions it maksa very little dinferenco what historic 
tlato wo yim as a da turn p since few of Llio iiiciimda of tuessiiring geo« 
logic Lima cun proUmd to im accuracy of I percent, mid must of ilicm 
deal in units of tlioiMaiiib or ruilUmiH of ye 4 ifsi. 

It mny well Ix^ howovor^ ihal A, D. I!J20 wUl, to the geologist a 
miliicm years hcfice, be marketl to witliin ID y^ara by the abundant 
relics of litacardctl mtorual combttation ctiginca* the rclica of tbi; great 
war clo8e below, a Una of fos^b inrlimting u cosQuopoUton flora mid 
faiiiia, anti tho widespread burning of coal| of whicli* to bo auie^, there 
would bo signs h\ the previous lOO yenra. 

Our phyaical lows and edanliDc rcsulb tell ua liow two slates are 
eonnocteti, but Jn mtmy caiwa it b a maMar of itidUTcrajieo with whicU 
we start; one or tho ntlicr niimri in? arbitrarily givcjn. Tho present* 
then* b our atarting |N>jnt| rutd iho baaetiim of our estimates b Ilia 
record of human oh^enralions, whcthor it be those recently descrilwil 
so graphically by Ludwig in hfe book, Tiio Nile, ^ Buck as Ike lowor- 


• t4Kliitr, t iftJJ, 'I'Jw tlik (FPL at, Vllfjfif f*r», iw?. 
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of 1.ti(! Nik bnd 25 feet iii 3,0(10 yMK!», iui4l, ucur il& mouth, tho ci^rLb 
ivnd riiiwci S2 inphe# in 1,000 years ; or those pocticiilly dcseriiMsl by 
Alfred Noyee in hts WatcliiiiB of tlie 

^ recuinlii ifrow 

UucdofiE&^y^ wid e^cla naw pmin of tnith 
Im pEickcdf Uk« rttilluna^ with wholo wof ItU of llgbi- 
TUts calf|j«ed Utu^ to ilnbjIoD m mvr 
To ttook that f^riiiltiid of tho 

Tpn fn a century. Who that wiota 

On tl»04» clay tabtoU ooutd hla gift 

To fuiard • 

THE trmT OF MEASORKMEI^T 

TTms unit miwt bo tdejilifiiible in tbe gwlogio rocordi mu! mimt bo of 
imiform Of all tliu unit^ of which dtio might think, Um y^nt m 

preemiuont. The i^oriodio ptociasea fire obiriotisly Uioso which tvtU 
give us the unit. Tlie stMioiuJ fiiiil Uio day rto obTioit^lj too short , 
and, mortiOVCTi as yet no daily mriations havo been recognized in the 
geologic nH'ord, whoreae the ohiLOgofl of the ^asoiia imve loft indeliblo 
records. 'Hiceo have boon rocogidzftd oot merely in tree riE^, present 
mid ftmilp in tlio giowth Iine§ of fish scale^i itnd etidflctiteij ibo hands 
of atibydritc in the atilt liedfi which show ovaporatioii iindor citougiag 
conditJous of temperature, but abo in a wide rtmge of deposited 

To such bonds the Sw'cdbh tariii ^Vorvos” is applied, since in Sweden 
they hu-vo lujen w'orkf?d by G. dc Qocr into a eystematie chnmology 
of post’-gluichd tinie+ The ffreaUsr Tnelliiig of the ice in summer Is 
niurked by noamcr claya. Finer deiKifitto settled in tlio lakes on the 
marguis of the giucieis durliig tins winter» Baron de Geer^® work has 
been eoutinued end extendi^ by his pupil, E. A, Antova/ and by 
Chester A* Rceda find others. But l>cside tlieee disUtirily glacial 
s'arves or bends tliere am also band^ of more and less or^tiie maturr 
w'hidi are almost sorely eeasonid^ eapeoiaUj when layers with traces of 
cphomcrida (mayflies) or pollen disttnctly mark the seasons, as Do 
Geer found. Somr of tlie more important papers are cited hy Brad¬ 
ley/ from w^hom tako plate 1+ 

Otm dilhculty at emeo arisen; How do w^o know^ that some of tli^ 
hands do nut reprosent the two scasouii a year that charwetcrisM 
certain regionsT To tliis thorn is a two-fold reply* First, fiiich regions 
ate exceptional and aro not likely to occur in regions of gluciera and of 
temporaUi floral Bocoud, studies bucIi os ihoae of C* Abbot • seem 
to show ihc double nim^pot cyrfo of years (Ak* 1)* Further study 

kAj]UW,E.A^l^lHl|lHl«Udla. Brnh^htmmptf 

4 q - WaWlwpUB, lli-WT. iWfi 
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iiK^ftuiiTxo firjn fHni* timk—la^e 23 t) 

slicmld lfc6 mado of aW these tuinded deposUfi to 5uu if tlita or otlicr 
hlontHInldo cycles rau bo deturniinenL 

Anoilic'r quoation whether wo ean assume Utni ihtt year has IX'Oii 
of llie same length. In im wtiianiling uniiran$Ot unless iLs graTitation 
constant abi’» changes to match, the year would have been eihortor 
when the earth was nearer tlie aim. 

WlViIs one might also thmk of the Airltlitirtn to Oie eight nf tlic 
eartli by metcorlt-cs md Their effect upon it^ orhit, there ia sneh n 
lack of moteoritic malorial in the rocks iiccesaiblo to ll^e geoloffjj^t 
that any aucii effect during the time they w&m laid down wrudd he 
HU jnfiTiiteaimal of lUo second order- The same dt^ription would 
apply tii tlm cfTccl of the loss of mass Uy radio tion from the Riin- 
But- tlip year is a rather fdiort utiii for UiC longer geologic limes- 
b thercr any |irflOtirsl longer unit? A numlier of longer periodfi lla^*e 
Ihs^h suggested by 1C. liuntington^ Clough^ and utliem*" hut only 
ihmr have been seriously appheik One h the prci'ujsaional pcriml of 
HTjOUfl to ^5,000 yoBts- In half the period the North Pole changes 
from being inclined lowaj-d tho sun wdicn tho earth is farthest from 
Iho sun ID her elliplieal orhil juoiind it, to Lacing inclined towned the 
aun when the enrUi ia nearest It, lliup making the two rea^^n^j for 
summer heat reinforce each otJier in Hie Northern Hemisphere. 
Xforcovert since tho eurlb iiio%’es faster the nearer it U to tin? sini« 
rhero wrill be extra hot and nhort £umnicrs in the Northem HiunisphciT 
from tho spring equinox to tho fall, Tho difference b ai pn^sont only 
3 days, hut when iho orbit of tbo efirth is moro elliptic it may ho os 
mudi as 30 diiys. 

Afl the two homisphoren are unequally bolAnced in proportions of 
land and tlie iiorthani haring much moie land, it siK>nia quite 

possible that rhia eyek should regbter itself in dim a lie changes. 
Tlnidlay's bibliography (sieo rootnote 2) dtaii psiiens by himsalfii 
Gilbertj^ Korn* Stump, tmd Wolansky, which discuss siippo^Hl fiigna 
of such cydcfi in rhythmic alternations of strata. Oil goologista ara 
tnukjng fiirihor fttudifia. Sudi cycles should be aUcnmtsly more and 
leas conspkupuap dopeudlng upon a longer rliythm—that in which 
the dUptldty of the earth's orbit varies, ilovvever, tho effect upon 
diiniitc ts indirect and de]R-nds iiponi geographic amvngomenta ol 
land and winter which Ruty vary quite indepoiiitcnily* The wdiole of 
hum(10 hisiory reroeded in accurate measuremiuiU has only covered 
a quarter of a eyeic. The go^dogbl who a hundred thousajul years 
hence has four or five such cyclea to look hark upon will lie hetlor 
able to judge i.botr wurtli as tlmo iiniia. 

The longer cycle of vatyiiig Ldlipticity of the ofirlh^s orbit hrts even 
greater disadvantages. We have piiasiiil ilirough so Utile of it tlinl w *- 

* r*MH, A. C -4 liUiIk«n|>lif in Rilioc tin dock. Itctr. JOtJi Lot. 0«>]- C^Ukt., W'aMtillin«^ Vir. 

im-xm, vm 
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know Hlilo of ita ppolopc offoot, «ii(t, moreover, it fu u comptox cyclfl 
built up fixfOi ihc OTcics of Lbo niorioBs of i.lii> vniiuiia plunots, whJeJi 
ako oITcet tho sun and, ibrcuRh the suniifHil eyolo, Ojo ourllu 
Tliiiii on tliiisa oyole? um ms ynl tmsiiitabJo cithor as iiulU, nr, wo 
may add, to bo coimtL'd in oatimnl'in^ geologic ttmo. Wn auj “as 
yet," for tljc cydoUiormt of K. C. Moore • in ihn cufj measuma, the 
rbytlimic bandings of Hint in ttio rbnlk of tlic Noniiiiii eonst, and 
eimiJar rbytluna In ntony ot.bor plEieca po^ibilllies. 

There is siiH nnother class of cycite deserving n word in ibis jJjjt'O, 
fiince tlicj’ ara highly importauf. in geology, oven though not suited 
fur timci units. It Itae Uctai nuggestwl Umt Uicfc is n Htendy and pro- 
gresaive ncciumiilHtion of strain in the crust of the earUi, to wIdcU it 
yiKlila, ptifiinpa spiimiifMiicjiUy, or [lerlmpa [teriodtenhy. One might 
emiindvr thewi us unit cyolce. As we have already rcmtirkotj, tlibi Is 
quite nnnceirnblfi. Mot only the dtsehni^e of mnny goyaers, but the 
action of the violin how tmd of the wat4?r dock b tFf ibb nature, 
Hut wlion we examine u UtUo uiore eiusoly we see Ihat at pre^ont, 
at IcoBtf if we Letke the luble given by Stille, figure 2 (after Bull. AifiiiT. 
Assoc. Petroleum GeoL, vn). 20, p. 852, Jidy ]D36), eiidi cydea 
cannot be of usi^ m measuring geologic tiuic. 11 1 « rceogidtiau of 
such cyeh’tt, and the proof of their regularity, if (tuc4i there boj is 
rather a goal of geoJcgic investigation. 

There aro two causes of tho DceumulAting atrdn which have boon 
cited. The diho is the Elirmkago of Ihc interior duo U> ijic LifSa of 
cQoigy, fspecinlly as hont, causing tiie crust to tend to collspse when 
the almin thus produced stirpnsacs its etrenglh. This idea of tho crust 
wrinkling like u) old apple has lieeii accepted by a Line of writers of 
distinction, tlie prtsseni chnnipion being IW. II« StiJlc,* *of G5ttingoti, 
That there baa hretj n cycle of sedunimtation comcsponduig to each 
great geologic period is widely scccptcd end goes back at JoiibI, to 
Newberry. The concept has lieen nuist systoiiistieally worked out 
by Schiicbcrt,'* who also baUDves that th« ]>eriodp arc separated by 
epoclis of wide crustal disiurbanetF. 'Hiat those are relatively short 
Aiid sliiirp is also widely hnUi, oa bos been rciMnitty etuphnaked by 
IL T. Ciiamber1in.‘‘ But this it! not untviiiitully accepted, and the 
jileu has beau vigorously oppoaed by E. W. Berry,** 

In view of tho facts that the volcnnosa of Itely nod Iceiuml and 
other regiotut havo hecii pretty continuously active einco eonu' Umu 
in the Tertiary, which wo sluili Tmil reason to fjclicve was lutlliotut of 
years ago, and that mounlotus like Die (Jonst RaUgo of Califurnia 

fm HMCnit^ftlhwoiu vl Ama. AJmcL rMfukiuu 4 l«iL, nkL 

im 

* reJ] Aiw. jwaflmm rhoL, »»iip- m 

I' Ntti. Him. lieiififj. Ptliii- »JUa4 Bm AlU OfeJ ASM., Ttti. It VP M?'W. tftil:- 

psofaiftail clHfflMllw aeikiHii^ ttA, 94, p. tm 

^ ^4mU ^t/ftuTn lac&tuIfKmli! cao^mifT Atntf . iuutiL Fri.,C., wJ, If, [t^. |-7t Jww7 
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nrc nbo atiU growing nnd hsvc been since the TartUry, it la olcjir that 
dirision by epochs of mountain building or the rolcanic action assocU 
a ted therewith c&nnot be preciBB. 

Nor is liionr such agreemeut among authors as to the ntrengtti, 
number, and regularity of these epochs of mountain btiilding <!iiat 
and best presented by R. C. Moore, C. Schuchert, and H, StUle) ua 
to niaka them available for geologic time meosuremout. Figuro 2 
ifl after H.Stille“ 

Another cause of accumulating strain■ to bo regularly relieved, is of 
exactly the opposite nature. It was suggested by J. Jo^ that if the 
earth contained anything like the amount of radioactive timtcrinl 
that the rocks of the surface seem to, from its decay the eartli would 
be generating more heat than is discharged through the crust; that 
thus heal would accumulate and Uie cruet he melted from helow 
until it gave way and diaehoiged the heat in lavas, etc. I'his idea 
has been elaborately worked out by A. Holmea and H. Jeffreye, and 
also diacusaed by Ony.“ 

It is cto^ that ttiiiise explanatJ^nd of cycles Afo meouaiatfint and of 
uj^certnin appliciitioii. Moreover^ we know far too lit lie of wUat Llio 
leal normal goothomal gnidjoiil b under ttia Imth The old assumed 
rate of F. for ovary fiO foot or so of depth proves muth too rapid for 
JftTge in CaducIa and South African^* MnalJy, we know no tiling 
of Iho rate of loso tmder the oceiin wbirJi covers three-fourths of the 
surf ace. Thue both tbo rate of loaa and the content of radioactiTe 
clementA oa computed by I'rry with thn best nvEulable data are 
haz&mloua extrApfjtaUons, though there are reasons for helievmg that 
Uny'e curve ia not for off. The met<>orites aro but very sJtghdy 
radioactive, and the basAJtlc rocke Je^sa itidioaciive than the ^tnnitic^ 
and the weight of the earth has made the beliid general that the interior 
U in eomposjttnn rnoro like a matcoritc, Kobley D. Evan^ auggests 
tiiat early data aa to thr surface tNxka are queationahlo. 

It ia saafe to say; therefore^ that ouch cyclea cannot eerv^ ha unita 
of geologic meamircmeiit, tLaf- the curve of rhythins and rovolutions 
with iT^rijlar c> dea such m Holmes ia aa yet on ideal,aud tlial 
whnt Kimch says is wifie warning. 

The Iheoi^ miidpiiAtla cyclw permiu oaf |u dmw a number of more or tfsa 
miCMiLry eoQiijiqiieAC» wlilch maj 1« campanil with tho fiurU flf 
It la Lo be hoped Uut la tbo camliijf jwi$ Ita Irultfulxun in fukitag isaolonic jmd! 

^ Uc. cn. Sit ilv r. mmliu J, w* J, lt»: wad F P. aiiwrd, And 

dlERAl]?fllHUfMivliltkif 14 Ul# FiJiDule wfdm. Sua O 40 I. SdH nl. lir-i^ 

TJutmi Ukatt ^Jnim A£4a. Set., itJ, 14 ^ 1 x 4 isul 

Jflltwti B ■ Thf mr^h. <b. t. Tht tlwmiJ hlwaty «i tJ» mnh. m ji.i M f 

W. D.« Tbt MA4iif Ub* 4^ nMUim, ntiicm^ 4tri pMMliim Ut tlw wia AMm AfH Am 

iwd Sd .T«l. Na. 4, tv- liMii. tiv. jUl 

wt\ ipNo^vr^viMs^iiir 

A.» Ad of UM Hfik Bahiw t*fl4«PU 1*37. 

^ O ^ OAohiyiB und ELudJuAJiUtim^ p. iVL fl |iflw| yy j fy 
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I$fl0ph7iin] rCAUfcb wiU be idUiAugh /or tbn piteesi tbs psaalMIItna of 

■treUbLnji It to Rt vmioua !dcu are lo gtc&t ttut ft tudi thji datignr of beififl treaifid 
*itli myttniatoatbo phyaloal iSrto, rsm tosli* rubber ihflOT^. 

In any case, cycles are alwoya spoken of as milUona of yean long— 
eo long iJint wo liave no iusboric LuowJedgo of moro than a Bmall 
fraction of s cycle. They oro not mlaptcd for uniU of meAsiirement. 

Tho pi'ccessional cycle belong to die aolar system, as does tlie 
sunspot cycle, and tbere arc numeroiia other planetary cycles. Any 
cycles of ftstronomic origin of greater sweep than the solar system atm 
much longer and would appear in Lhs life of the earth possibly as pro-* 
giesaive facton or cycles as long as any we have mentioned. Such 
would be the great orbit which tlio whole solar KyEtem is dcscriHng 
side wise around the center of tho Galaxy, some 3,000 llglit yeara 
(5.84 X 10^ milts) away at a veiodty of about UQO kilometera (1S3 
miles) a aocond, a cycle of some 20 million yeans. Sucli cycles are 
obviously not sultablo os time units. Wo must then fall back on the 
year as thw unit. 

PROGRF-3SIVE PROCESSES 

Leariiigp Liifln, tbe. periodic processes and rhjthmle cydea for tho 
moment^ and a^^cjcptirtg tlio year as a uiiit even liioiigh our aororacj 
may he onJy oxpreasod in milliotia of years, or "decamyriads" of 
Vemodsky^ wo pas* lo tiione progressive ptoccss^^ tho type of winch 
is theiionr glaeSj by which we meastire time. 

These jire ^^ono-way streets/^ Among tliem are the processBei of 
de^adatlon or lowering of tiia Land^ whether hy wind or water or iee, 
by iho streams lowering the firea of their baams or cutting baok as in 
waterfidli or cuttingdown^ tlie erosion by gfaciefSi end along the shores 
of tlio ocoan, 01 tb^ aotivUies^ a hoet have beenstudiodi such ae ilie 
retreat of Niagara Falls *ind of the Falls of St, Anthony at Minne- 
apolbf the retreat of the clIITs of the Weald on whioii Darwin made ceti- 
the rece^ion of tho Engtiab dmreaj and the ehore from Cliicago 
to Milwaukee^ Along Lakolfamnt Gordon tmd I once fot 2 n<l a roml 
and plow marks runuing off the hlulT. The road cams in again half 
a mile farihor on^ and by comparing wliti old map, Gortlon wnn abb 
to compuie the rate of retreat aa 5,7 feel a year. 

But w'hat ia orodud in one place must be diepcdt<5id elsewhere^ and 
to match degradjitiun there must be depodiion. In all such cnlcula- 
tium them is a fundamental "rub of three/' So much htui boon done 
in a ^ven, hbiorically known timOi and so much has been done in 
oil. At the same rate this would have taken a pro|>ortiouately longer 
timo. 

In some cases we may be reasonably suro that the rate of rhiingo 
h not the same. Many activities aro asymptoiic!. They grow leas 
anil less £ta lime goes on, if no other factor interferes. For this we 
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»omoUme» cau eJlow, If. for titslAni'^c, a coniiu£nt ttus an nverngd 
cIovAtion uf 2,000 feat AOil is being towered st tJie rate of 1,000 feet 
io a million years, t.Iien, if ihe eiovnlinn plotted roktiye to the time 
iiwy be represent^ by a hyperbola, the ^oater tlie time the slower 
the lowering and, iDstead of beinif absotntdy flsi in 2 nullion yenre, 
it Ur'ilt be reduced to half tho height, and to one-tenth of the linighl 
in 10 Joss 1 i that te, 9 times 2 tniUion years. This is the process known 
os peneplana-lioD. 

Wo have said tiint there was dopositJon to match tlie dr^^dstion. 
In genertil, the finer the sediments, tJ»e less the rate of depoaition. 
Hero the cyclic: annual varves may help us to estimate the yearly rate 
of depoaition. Is the finc-gmihc^ sediments it is uauoJly esdmated, 
according to the autlioia cited by Bradley, as something like 0.1 milli* 
metor, or 2S0 years to the inch, ^,000 to the foot. In recent deepest 
sea soundings a rate of deposition of 2U,0QQ to So.OOfJ years to (he 
foot lias ^n suggested. Tlio coaraer the scilimentfl, in general tl«- 
tnoro rapid is their accumulation. Compurisoti of the thickness of 
iliffcrent rocka in different ptocos formed during tho soma period gives 
ns soma idea of tlie ralAtJve rate of norumnlotion. 

Very elaborata ralrulations of ciepositJon and denudation have bacti 
made, as smnmari^ed by C. Schurhert and H. P. Woodward, Such 
estimates of time ore, however, subject to large possible oirorfi, since 
it is nearly impossible to find exposures or sections of strata where 
depoaition has not bean mtamipted. If, during the intemiplton, the 
lower strata vrera tilted nr converted into land and de^Ij eroded, 
such intcmtptions may l»e more easily noted, but Iho gaps (known 
as dinstejns), if due amply to underwnlct ciitrcnta, may Iw almost 
iinrecognioBblc. ft is, however, loir to any that at least 300,000 to 
400,000 foot of rather finegrained beds containing t'liaractensi.tt! 
fossiia ore known, which might ousily indicate a time of several 
hundred million yenra. If that firaved to Lo nol encnigU, unrecog¬ 
nised diostoins could be assumed. On the other hand, it would not 
be imposoibio to knock a cipher or two Iram tho age if oUter inethoiU 
of estimating time jiointcd to such action. 

When esUrns tea of the compomtion of the avatage sedimentary rock 
are comporod with thut. of the average igneous rocks from wliich they 
are supposed to be deriveil, it b found that fliero fe a oliortage of 
sodium, even making allowance for oil tljo salt beds known or rea¬ 
sonably suspected. It b natural to compora the ocean with a great 
salt lake, and, noting that all surh lakes with no outlet become salt, 
to suppose that tliai luut also been lhi> enae willi the ocean. Then, 
if wo can compute the amount of sodium added each year by the 
rivore, and make allowance for the salt of the salt breezos, for the 
cyclic sodium dcriver! from the erosion of salt beds and boils conUiin- 
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ing enlt wnlcr, the tiHlium absorbed bj aediniGnla m liase axciiaago, 
ttDii for tlie rest of tha factoni tendiug to mtiTaaBe his esdmntes of dma 
and tlioso toiidiog to diituDisb (lieoi wliicb Jolj listed, we can ostium to 
how tong it would lake at tlte present rate to accumulate tbo salt at 
present m the ocean. This Joly first did, and his work, first published 
in the Transsetioas of the Royal Sodoty of Dublin, has already 
received ailenttoa io the Smithsonian Report.^* F. W, Clarke lias 
gone over the figures with ampler data.** 

Joiiea has estimated the time reriuirod to make the Lakes Truckee 
imd Wiuiiejiiucca, sitnmkon remmiuta of the large lake known to 
gcelogUts ns Lake Lahontan, as Mlt as they are in tlirce wnj'sr nrsl, 
by cotiipamg Uie incronaing snltness given by two analyses 30 yearn 
apart; second, by studying the rate of evaporation and the time needed 
to e%’a{>ordle the water; andt third, by taking the onulyscs of the rivers 
feeduig those lakes end computing the lime required to hnng in the 
salt.** 

Of these otdy the latter meUiod Lae been used to oblain the age of 
the ocenu, ami even in Unit Uiere are difTiculties which prevent our 
relying upon the figur&i. In the first place, the atiulyies of river 
waters upon winch eetimaies of tho yearly coutrihuiiuii of sodium 
were bnaed do not give enough weight to the compasitlon in time of 
Hoods, at which most of llte rurt-off takes place, In the second pUce, 
thero is no assurance that the present climate and rim-olT la s fair 
average of that tn post times. In fact, mtmy geolugists believe that & 
period of extra uplift and glaciation, expooing a lot of rock to wcatiicr- 
mg processes, has occurred in the immediate post, and tlmi the present 
alhte of thin^ is not yet hack tn average. In tlte thirrl place, tf we 
may trust Sdiuchert’s paleogr&piuc maps, tho present continents ere 
in general torger than in the past. 

All these factors would tend to moke the estimate of time of oceumu* 
lation of oceanic sodium (aliout 100 toillbu years) too low. On the 
oUicr hand, any original sodium in the occaii water, from whatever 
flourco, would moke the csthiiate too high. 

Moreover, if we compare any other eJcmimt thou sodium in river 
w'ater and Uia ocosu, we got very difTcrent results. Some of these 
dements, such iw calcium and magncduni, arc promptly sciied by 
org nn i fffn a to make shnlls. But chlorine offers a dUTorent story, and 
thero 19 reason to look for a volcanic source for much of the clilorine 
and to suppose that it was more abundant In the early ocean. Indeed, 
endeavors have boon made “ to eatlmate geologic lime from tlie change 
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ija tho Na^Cl ratio m wat«r, but iho buriod (cuim&to) waterfl 
h^m tixpufiod to cliBiige^ and Ib^ rate of cikonge of ibi^ ratio of 
dodiuni to dibrmo baa beort irregular. 

GEOTHERMAL GRADIENT* THE COOLING EARTH 

Therein anotber progresaivc aciiTity wbicli iiaa hettk us«d to estimate 
gfeologic tims whicli goes back to the great name of KeMn (Sir WltSam 
Thomson)* Thia wiu bu much dbeudsod at otte time that it should 
bo mentioned horo, e^pociatly as it bus recently boon studiod by 
Spicer.*" This method depended upon the cooling of the earth. 
ObTioudy^ if thfl earth b losing from the intorior^ as it actunllY 

is, and if we know the rate at which it b e&capiog—and thb KoIyui 
cetinmied from the mcre^ of temperature with iocraasiiig depth in 
ruineo^wa can estimate how long it has been escaping^ if we know the 
bitml condition* 

Unfortunately, Kdvin made assumptions wtddi are not likely to be 
true. In the firet place, he a pmctioally mstantauoous drop 

of the surface temperature at tlie time of conaoliclation of the crust to 
pmcticaUy Iho present temperature instead of the critical temporaturo 
of water* wdiidi might have been ihe stiff ace temperature if the ocean 
WAS then all or mainly In the aimospbere. On tlio other hand, if tliere 
were then no ocean and loss temperature, the S4.irface teinporaturo 
might have been down to 200^ lower tluin at present, and haTo rben 
elowly as water and gas cmfiigcd from the interior* In the second 
placet he a^umed a uniform temperiatiicre at the heginning from surface 
to center. In the third place, he assumed an increase of temperature 
of about F. in GO feet depth in the oartb. Later ohse^walioas in 
Africa and Canada make it possible that the nonnat rate of tempera^ 
Itye Increa^ b only onc-lii$ir or ono-third as much, and wo know noth¬ 
ing of what it b under ilia ocean—that is, for lhre&-qiiartem of the 
globe. Fiually, lia made no aUowance for the than irnknoa^n allecta 
of radioactiYo disintegration which in curlier dme would have been 
u^ en greater tiian now* The rceult is that it b not difBcult to aeloet 
possible geothonwal date to fit a vide range of ages.” 

However, llie geolberma] gradient lias alao bean used to estimate 
tlio time fimee the Ust ice age. For tbo wave of boat urhieh started 
down when the ke retired does not seora to Imvc roanhed Uic boitem of 
tile deeper mines and weiku This is ithown bi such a well as that of 
figiure 3f after C. E Van OrstramJ, Tim decrease of temperature 
toward the surface from the lowot [ovds of MicbJgan minoiB would 
indicate a temjierature near freezing near the eurface. The pmir 
glacial wave of heat eooms to have readied a depth of only botw^een 
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3p000 mid 6^000 feot." The Tmiftticm iii geoll^ernmi ^diont nB a 
p^ble index of nil orgn$ hn^ been studied by Van Or^tmnd mid work- 
4* *1? witli K. C. Hedd for Uie American Petroleum Institute, 

The dirTictilded in obtainitig fige maidta from fempemtuna gr&dienta 
aro to sonio exteut the waw as those itihorent in di progressiva proc¬ 
esses—uDcortainty as to butia! conditions and as to how far results 
have bean affect^ by other factors. Tho change of rato of activity 
in time b ahso uncortairi, but nsitaUj wo con know in wlmt direction 
it ta. We also know tittle, accurately^ as to the ddliimvitj of rocka as 
they lie in tiie graund^ saturated witii water fresli or salor ilrj and 
canioining only oil or gas. 

Minor metlioda of estimating geologic time^ the accionulation of 
metoorito matcrioli of gnses in the atmoigphere, organic changesj 
variation in Llie position of the pole, and others of the 4U-odd methods 
which geologists have tried, which are occasionuUy useful, may ho 
poascil over to come to those which seem the most important and 
widdy useful—"popcorn** methodH of measuring geologic time by 
atomic decay and tho accumulatiroi] of the producta thereof. 

GEOLOGIC TIME RECE:0NEI> FROM ATOMIC DISINTEGRATIONS 

If one watched a [lOpcom machine and noted the number of 
kernels popped in a second^ and notod how much woe popped^ one 
could figure how long it had been nmning. U, after a feiv niinutes in 
the dork, cue looks at a luininDus dial or hand$ of a watch with a 
pocket lens, one con generally see that the luminosity 1$ not epdet, but 
h due to a idiower of sparksi each of which represents an ei^ploding 
atom. WTiilo in dotjul these explode irregularly, yet ordinarily in any 
radioactive elcmeiit there are many dashes per second per mi0igraim, 
and thf^ nundicr per hour is pmciicidlj constant and chamctenstic 
of tiie element p r^ardleas of any varialion of prcflsuro, l«mperaiuro^ 
or etdctric charge timt is likely to occur naturally in the eartli'a crust. 

Tho study of these explodions has been the subject of many phyaicKl 
invcijitigatioTis* Tlnee mya are said to 1>© emitted by the explosionp 
none of tliem visible but causing hnninoeity in certain compounds. 
The alpha ray hi mally a nudeiis of the gas helium, and the ne^dviol 
atom lias ita atomic weight lowered by 4. Tlie Geiger counter b an 
dectric doTieo for coimilng ihem^ a method much more aeciirnte tiion 
visually counting them in a aclntiiluscopo. A recent coimtiiig study 
is that of Roblcy Evans and G. D, Finney.* The counting has bora 
contmuod by C, Goodman. Tho physical difficulties and tho uncer- 
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laiutioa produced by tbe "background elTect" of unwanted porticlos 
ftrs still great. 

The iHtta ray b an electruo. Ita lose produces IncoD^crable cUange 
in tbe atomic wdght but doea ohonga Utc place of the remaining elcmexit 
in die periodic table, in otber words changee It to anodier eleniont of 
practicallt' die came atomic wciglit—n so-called isobar. For instance, 
Hahn and Mattauch have recently discovered (and their results 
are bi^g conlinued in the chemical laboratory of the U. S. Geological 
Survey) tliat tbe mbidiuui of wliich the atomic weight b 87 (about 
25-28 percent of nibidiuru) changes to stiontiun] of which the atomic 
we^lit is also 8?. Of liiia there is in stiondum generally only 7.5 
liercent 

Here we are brought face to face with two of the principal dilEculties 
in die tueaaurcuicnt of ihe age of juinerala and rucks by ahuuic dis- 
integmtion. Eow do we know that tlie deisients produced by disintc- 
grudon w are not already tliere? 1 f this is answered by uaying tliat tliey 
have a peculiar atomic w'eight, then the problem aiisos, how to find 
that weight, especially when one Itas but very' small quantities. 

The third ray given off is the gamma ray, which is only on X-ray. 
So far it haa not been coneidcred in geologic age detenumation. Yet 
its W(prk in penetrating the wrapping and darkening photographic 
plates led to the discovery of atomic ilisiutegratjon:. Qtit as such rays 
are known U> affect the formation and disinugratioa of elementa they 
may have to be token into account eotnctlmcs, though praliminaiy 
investigation would surest that they arc a viuy minor factor. Plate 
I, figure 2, is a print of u polished piece of radium oro from Great Bear 
Lake, Canada, made by its own light. 

The nietliods of getting ages of rocks and minerals have boeu mwily; 
For tlie rocks, the amount of heliuni (ulpba-ray product) which has 
KccuDiiiljited from the eKploaion of Che uranium and thorium. Tlie 
lead is very small io eomporkou even with the few gnuns per ton of 
ordinary lead present, and until rcciuilly it lias liecu imposufak oven 
to attempt to got the praportion of isotopes in the rock load, as it 
would involve getting about a gram of lead from a rock which con¬ 
tained lees than 22 grama b a ton. Of this only a small portion would 
be die tea<] derived from the explosion of tlio uranium and Lhoriuiu 
atonia, perirajis 10 percent. 

For instance, Dr* Uny has eomputed for tlie "wlihmilJ," a well- 
known shoot of intnisivo basalt tiist occurs in tho British Corbonif' 
orouB, that liio lead derived from tho uranium and the tbotium would 
bo about 0*048 grant iwr ton, whareos the actual amount of lead 
preseut was 8 to 5 grama per ton. M F. Conner found similar results 
ill concentrates wliich ho analyzeil* 

In iitolton roclot Ibe helium gas was mainly driven olT at tbe time 
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Ltloy were molt«a. Ilflliuiu dfirired froia ijid AUno^borti okli be 
rocognized by tlio aeon wbicb goes with it. Tbo bdium might, of 
coiiT!i«, diffuse. But rben the bcUum b pre^eai in ituclt smHiJ qiinc> 
titles ss A few eiilHc eentimetem per ton of rook^ sud sspcciAUy as it is 
right in tiie network of a RiystnUiilB structure, it does not eoem to lose 
enough lo pret'ont detenninAtion of relatlTO «ge, if work is done on 
fiae-grainrid basaltic specimena taken fresli end compact, and from a 
conetderaMe distance below tlie surface. Besulta on granitic rocks are 
unaccountabiy low. 

On the other band, in radioactive minorsla containing s oonsidor- 
ablo smotmt of a radioactive! elemont, the lead ratio is the more sigmfl- 
cant, and, if tbers ia eonslderably more helium in the mineral tban In 
Ute surroundings, the helium didufies. 

The befium methods are then likely to give ages that are too low, 
and the ratio of lead to the uranium and thoiium, if the ordinazy lead 
baa not been dotermined, ages Utat are too Idgb. Insofar as tliey 
cbeck, we can be reasonatily sure of not being far olT, except for a poa- 
eibUity that the rate of change is markedly differont now fnun what it 
lias been in the past. In the case of the Silver Leaf Mine-Huron 
Claint region, the age by the Sr (87): Bb (87) ratio also cdiecks witldn 
Itl percent. 

For Instance, a number of ages of Triassic rooks later than the Car- 
tKmiferous have umformly given egos by the helium method loss than 
200 nuUion years. On the otlier bond, there ore over a doxen anatysee 
of tniner^B in pegmatites intruded bofoio (he Appalachian uplift, and 
certainly not later than the Carboniferous, whidi would Indicate sgee 
between 200 and 300 milliou yearn. Thus, the prohaliility ia very 
great thst 200 to 250 million yearn ago some at least of the Carbon¬ 
iferous coals were bang form^. 

I! a mineral or a rack ozmtalna a number of otementa disintegrating at 
known rates to diBaront piuduots, wo have an excellent check, pro¬ 
vided we con dUtinguisb them and their products. Indc<>d, if we 
know die proportions of the products and con be sure thrnr production 
began at the same lime (as will be true, for instAnce, for the various 
leads produced by the isotopes of which uranium Is composed, uf 
which the most abunilant have atomic weights 206 and 207) we can 
infer the agi», since the lead from older minerala will liave a larger 
proportion of the products of the more rapidl 3 ' disappearing isotopes. 

Frof. A. von Groase ^ has especially emphaaiaod this, and •Tobn L. 
Hose ** has computed several ages from the relative strengtlt of the 
epectrol linns of the different leoi^. Yet, as ordinary lead is a mixture 
of the same isotopes, the isotope that comes from thorium Pb (206) 
and a email quantity uf on isotope Pb (204), uuUiSB we eon find how 
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mu«li ol it Lli«ire ia by ibe of Pb (204), tLo will li* 

ttticertiun until thoro b bettor nereBmetit M to wbat isotopes tmd bow 
nnicb of Ibcni titiutiiim coatniiis, end bow fast they diAnga. In thi? 
field G. ?. Baxter and A. O. Nior are aetivoly at work. 

Potassium ia radiopwtive tbroiigli giving off a beta particle—*n 
electron As recently as 1033, when Aston wrolo Lwbopes, altlioupb it 
was recognised Uiat tbo radioactivity was duo to an wotopa lieavior 
tban tba common K (29), it was supposed U* be caused by K (41) 
changing 1o Ca (41). It has since become apparent that the radio¬ 
activity was due to a K (40), not before rtKopmzed. This makea no 
longer applicable soma ingenious su^esdona of A. Holmes, dopending 
on the recognition of tlie supposedly relatively rare isotope of calcium 
Ca (41). Tbo calcium isotope Ca (40) actually b very common. The 
most that can b« said now is that the rado of calcium to potassium 
give a maximum age to rock and nuncral and to the sartb, aa A. Keith 
Brewer bas rocontly pointed out,** Of oouibo, in aU minerals that 
oontain potassium there must ho calduui, and if tberc is vary littia 
calcium, tbs matimum may be near the true age. 

But to use potassium or ruludium rbangea, accurate anaiyas of very 
email quantities will bo needed. The methods of quantitative spee- 
trosoopy must be developed. We may look for amilar developmanta 
witii other elemonte. 

PLEOCEROIC HALOS 

We are entiUed to infer that the rate of di^tegration of atoms bas 
not markedly changed dining geologic limes from the fact that the 
value of ploochroic liaJos around minute ciyataie containing a radio¬ 
active element arc about the same in the older rocks sa in the yotmger 
ones, or os in luccjit artificial preparations. The halos to which 1 
refer have been noticed since tbo days of Rosanbusch and have been 
recently studied by D, £, Kerr-Lawson ** and G. EJ. Hendersotij** 
tliey are illustrated by plate 8, after Oenderson's latest paper, Thiy 
depend upon the fact that the helium buBetB flying off when an atom 
explodes change the color of the surrounding mincml, which acts as 
host for the minute spedui of aircon or allmuto or whatever radio¬ 
active mineral may bo thiar sonreo. In particular they affect tiic 
iron of the mica, so that, while they are hatdly visitflo when the mica 
ifi dark (tliat is, the light is vibratli^ paraflol to the cleavage), they 
arc much plainer when the mica U light (the light which passes 
through it is vibrating perpendicular to the cleavage). In other words, 
the effect ia much tlio mmo as that produced by those rays on a 
pbotograpbic plate, 
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Now ih^ alpha pArticIea aro Etopped by collision with other aiotns 
m a short duftartcc (0x03 to 0.04 inm in Lho mic^), and it m found that 
they are roost ofToclivo at tho end of thoir HgUi- Thus they tend to 
producra n rin^ of dbcoloration, if not much overexposed. Moreover, 
each elonient girea off particles which have a defiiuto or poao- 

tratieg powvr; Holrocfl give® a table of the^ r&ngCi).** The more 
mrliuActaTe the demcinti tho greater ia this rouge; i. e,* tho more 
raphllj it dismtegmtes. 

If, os wo have said^ a minerat contains eleraents didnte^mting nt 
difforent rntea, and uramnm ia composed of two such olomenta, the 
older minoraLs will contom on tho avemgo (or m case of isotopes, 
certainly) more of die less etahte, more rapidly diHintegratiug olenient 
and of its products. Henderaon boa been trying to dotemiine the 
ftgee of halos by tl^e relative atreiigth of die rings, eBpcciolly of one 
due to B product, known os actinium C, of a urenium isotope to that 
of a product of die umninm isotope whicb produces ordinary radium 
and a ahorter-Uved element, which makes the outside ring, known as 
radium C* tie haa aleo studied the thorium cings^ It hue been vorj’ 
diOieiill to End mica in which the mccemve rings are dbtinct and 
dien to split it line enough to get a section through the center of the 
aphero of on Bllerarion (which has a diameter of less than 0.04 mm) 
instead of taking in a gofMi pan of the sphere, in which ciLse the separate 
ringa are not vkible. Joly** thought that tho whole diameter waa 
slightly greater in the older halos^ but it was only a thousandth of a 
millimeter or so. The fact Umt die diameters of these halos at^ so 
nearly iho sanis as those of halos now orlLficially produced U an 
celUnt reoaiou (taken together with tho fact that the more rapidly an 
elomont sends off helium hullcte^—alpha [Nirtic!^—the farther they 
fly) for believing that the rate of action has not changed subetandally« 

To bo Burs, if the few extra long-range particles were too few to 
make a potr^cptible darkening during the time of our present ex peri- 
menta but might m a million years, and in the older balott sro respon- 
sltde for the outside diometeri, dieii ihero might l>e a slight saeular 
quickening in the diBcharge of the alpha particles trliieh had liecn 
thiia dinguLsed. 

In order to make any enthnntee of time, HendcTKOn had tu esliinate 
the relative strciigtli of ilia ringa made by the various CBdioaetive 
olemonts. This cim be done by die mic^>denEitoro.oteir| tha flame 
kind of instrument which ostronomera use in me^unng tho propor¬ 
tions of elements in the spectra that come from the stars, and J. L. 
Hose, cfitimatol the proportion o! isotopes by working upon a fme 
line stmeturp, that ia, comparing lho strength of the linra into wbinb 
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oI^e line of the Ipod ^pcctrumcfln be hrt>keti bj&iiSdimt miigaUicatioii.^ 
Asian ^ oblaiiitHl iJjfl proportion of tootopo^ by iLSitig it rntt^spoctro- 
pruph in whieb the ninms sWt off from n tiurgot pftua between maguodo 
polos which dolioci tlio IjCAder atoms from their coutbo less Ihnn tbo 
liglitor ones. lie regia tors tbo atoms op the pLotogrupbisj plnte 
whiiii they a trike. In DempEter's” bnproved apparatus the atoms 
are exposed to a eonlinuouB field whlcb swings Lbom oxaiind in a 
great nits nod tbem farther apurU But estimations of tbo 

fitreegtb of linna are linutod in acctiracy and are Ukdy U> be mtorfered 
nidi by lines for other compoimds. A. O. C. Nier's present appar¬ 
atus for die cumulative record of Uie effect of ibese atoms prombea 
greater accuracy and uaiKt smaller quimtities, 

A dilTicutty already mentioned U in galling tbo quantity required 
to make on ftnalTEiBp a separation of isotopes, and an ago determmo- 
tion. Still tlvii quantity neoded liaa steaildj tliminshed until it is 
aiirprimig how completo an aiialysia F. Uecht and L. Itroupa, ia 
Viennaj can mako with only fiO milfigniius of uraninllo, about the 
weigiit of a pofiJitge stntiip.” Even vdih their metbodiSj mincralfl 
such as dreon and allttoitc that Imre only a UtUo uranjnm or thorium, 
of ten only 2 or 3 percent, offer diflicuhiesj and if the lead in liieoi 
is only a huiidrodtb part of that, whirJi is iba case for Tertiary or 
yontigar inmerats, it can readily bo liaen bow refined and accurate 
mothuds of analysis must bo. Moreover, recent work on succeseive 
2;onea of ibo aama crystal have fibowii a change in eompofiltioti ilne 
in a transfer of material. In comparatively freali material, that 
Appear? to tie Batisfactoo^ ^he uraniun^ seems to bo the more soluble 
as A uranou$ compound and at least films of aecondaiy uranic yellow 
compounds are found in radioactive deposils gencmlly. Yet 
very studies tend to show that Bueb changes ore not of tea over 10 
percent, and dial llio agea are in a general way oorrocL 

HOCK AGES 

Aa bpiS been said, in rocks there is so much onlinary lead tliat 
unUl tliR arparaiioti of fininll qtjantities of isotopes of load and Lho 
identificalinn of ordinary lead, aaj by the 2CH isotopo, can ho safely 
aeconijiliidied with smali quantitieOj no reliabto age determinations 
can bi^ obtained- But helium has not the same diirkulLy, if we take 
compact rocks containing no air anil which have been moUen. Melt¬ 
ing drives out most of the helium and other gOftea oa well. FTeliuni 
being a gaa^ is likely to escape, and until a few' yeara ago it waa gen- 

W Ji(«e, J. 1a.^ Uiil SixuilUlUt^ a. S-p (iKlDile Him JUHI «inii4e puanpralUiM id ii41wnLrlR«ii Pftji 
mrt^ V’HL ua IJV 7P9-mK tK* *. 

* AjUhi, T. W., hitm iptcEn mesA tvotupm Lcanwri, 

MUttihtt r., mxhA EnHi|]v^ 1*-* Dk 4 h UUUtUUU** Mlfcrotttalljti imllMlUTt MlMrvOtn 

Him i 4I« DolnElMtiA rtdijclir. CbuB^ tbL OW PP^ Il3-ini IW 
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ernlly sccepiiKl tbnt ag«4 by belium trould ho apJy bo ijQccii«in frac¬ 
tion of those obtained by leuti rntiM. Binrc tlien work by Holmns 
and Duboy and Fancth and Urry baa given rosiilta whiob seamed 
more leliablo and to St the lesd scale more dosoly. 

BuL they are not beyond question, and mors recent work by Good¬ 
man and Keevil under E\'aii£ aconis to diow that whOe the bdium 
deterniinaUons and tliose of Iborium nro fably close, all Uie t>reTious 
work on the amount of radium in the rocks may need subetantiid 
correctiou. Specimens from the aamr dike and thDrofore of tbo same 
age since consoUdationi but showing consideroblc difference in uran¬ 
ium and thorium. Lave, nerertheloss, bdium just right to give the 
same age, within the limit of error of the work. Contamination with 
atmospliere can be told by the presence of neon. The process requirro 
great ekiU, involving as it does dctenniniilion of uranimn in quondtiee 
of grama per ton, of radium w ten-thousandths of a milligram per 
ton, bdium in cubic centhuetera per cubic meter of rock, and tlioriuni 
also in grams per ton. Methods first devdoped by Pancth have bean 
perfected by Uny.** 

11, therefore, we find Devouinn traps giving ages between 2fiS and 
300 million years by die hdiuxa method, while minerals in Devonian 
pegmatites with isotopes determined give agos from 277 to 300 million 
years, since the errota by die beliumjnieLhod are likely tf make die 
ages too low and those by the load method to make ^em too high, 
we may bo pretty confident Uiat2T5 tiiUUon years ago was in Devonian 
timo^ ontess there i$ a general systematic error not yet located. Thus 
the ogea given by StiUe in figure 2 must be somewhat changed. 

Thanks t* Uny, we thin; have die geologic column roughly outlined 
an far back os there are foedla. In fact, in the Noranda loioc we find 
rocks that seem (o be twice as old. It remoma to tost the country 
rock wJiero die minerals in tho pegmatitn ficam to be 1,800 niilfini> 
years old, oa near Winnipeg. In this region whore Ilarwood writes 
of very old "i^rckeewstia tonnllte,'' the recent work of Hahn and 
Mntiaudi on a rubidium-bcaring mica and (lie change from Kb (87) 
to Sr (87) leads to an uge of 1,70fi to 2,000 million ycara,** which agrees 
with tho ago determined ity analyses by Eilswortb, Hccht, and Kroupa 
of urauinite and monnsitc, all of wldch indicate an ago of about 1,800 
million years. 

Thus, in fipiro of difficulties, progrosa is hong made, ha rosolts arc 
obtained from smaller and smaller quantities, and as the methods of 
sapuraUng and dnteruiiiuog tsotopaa am improved. 

li C?rT|i^ W. Dfl^Uia Uhl Itat of wUifta uw ebon- ftt * . i^ol. L, ^ fttf- Xm^ 

hrti^iMiiii4n Iiidii, <i«i s« Awtt.t 4i, pp. ic^iuetnu- voi, (t. pp. m 
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THE EARTH'S INTERIOR, ITS NATURE AND 
COMPOSITION ' 


LsABOit H. Adau 

Ctophf$iciol Lalxmitvritt Camtgi* fnMiiiuiitn p/ 


(With 2 pUt>5»] 

T^o evonta in the lest few years have made (losible t imiewortliy 
advahce in our knowledge of the eutli'a intenor, end Lave For tke 
first tune extended our ide&e on this subject definitely beyond thosa 
of the early Greek philosophers. Tho two aids to progress were, first, 
the precise menaurement of the elastic properties of rocks and, second, 
an its proved technique in soismoiogj w*hich pomutted the accumu* 
lation of reiiahle data on the speeds of waves frem near and from 
distant earthquakes. Other researrhos in geophysics have played an 
important, although aecoudaiy rote, and have promoted a steady 
improvement is our knowte«tge of the earth as a whole. It is the 
object of this coiiununicatioQ to sanunaihio briofiy the present Qatiom 
cuncemJng the earth’s mterior and the stops by whieh the information 
has been obtaitiod. 

ORlGlir OF THE EAETH 

A disciiasion of tho interior of the earth shoiitd properly start with 
a consideration of its origin and its piece in the universe, Goophysiea 
bc^ns with cosmogony. Our earth la a spherical body about 8,000 
miles iu diamoter lloaiing m nearly empty space. Its nearest neigh¬ 
bor, the moon, is a quarter of a million mites away. Together, Uiey 
revolve trouad the sun at a distance of some 90 million miles. The 
0 liter planets of the solar ajstotn circle around llte same sun, which, 
although by far tlio largest object in tho sytitom, is merely a star tike 
countless others that dot the sky, and is, as stars go, a rather small 
and insignificant one. Separated from tho sun by enormous distances 
arc tho nlhor stars of our golasy, which has a disk like form and on 
extent of at least 50,000 light years, aud is fflsndy one of the innumer¬ 
able spiral nebulae ecattcred irregularly tlu'ou^ spaee at an average 
distance of porhaps 1,000,000 tight years. 

On ao vast a scale, our earth, a tiny planet accompanying a amall 
star, soems to dwindle into insignificance, but jt is after all the place 
whore we dwell and have oitr being, and for us it has the importance 

> WidlW M Uto Admtolitniliaii SiUliJliv, Cvnd* lirilUutlaii if 
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titUtliiDg In greiit objectj whielij esc^-pt for tlio Hnrhtu iaj k as 
jei QQQxplored. 

It is DOW gBDerally ncccptod tbst tli<j earth was created from tlie 
parent sun atx^ut 2|(>D(1 million years ago tiiroiigh tidal disruption by 
a passing star Tlie GUbsequeut liquefaction and aoUdiCciitiotj of thu 
detaeh^d mass of glowing gas ftinnoU the juvnuile oariU. Tliis no lion, 
advaiictNl by Jenna and Jeffrey?!, is quite dilTemil frotti ili^t uivolvi: J 
in tlic nebular liypotlmsk of Lraplace^ aiycordiiig to wliicb the aiut was 
origiintUy surroimd^Nj by a rarefied nebula which roiat-ed about Ihe 
central mass. As like nebular material rooted H was eupposed to 
contract and increase ita speed of rotation, uiilil finally tlie centrifugal 
force was atiUicient to detach a ring of ninterial, vvbieli condensed to 
form ft planet. Alihougb accepted for many years, the Lypotljesk 
woa finally dboardod on purely inatliumatioid gtmmds. The llioory 
now in favor aIso diffem in niajiy imponaut ckleiJs from another 
tided liicory, the plonoteauual hypotbcBis entniciated by Chnndiorlm 
oml Moulton. TltU was the first to flccoimt ^iititilactariJy for many 
of the major features of the solar S3^em, iiud involved the formation, 
from the tidal protuberances, of swarms of solid fragments {plane- 
teaimok), which coalesced around various nuclai and tliUB produced 
the planets. The sagulficance of the modem llnK^tiy% for tlio purposfta 
of this dkcu&don, Uan in Uie auppositiem tlmi iJie ^t^rthjor a britj imt 
its creitiion u'iis fntirdy mdUn, well stirred by conveerionj bu< 1, 
lo the ejsteni ttiat the component subsianct^ were miscibJo in tlie 
liquid sttttCj quite liumogeneoti$ in corapositioD. 

XATUfiK OF THE PltOBLRM 

The composition mid stale of the eurth^s interior liua long r^-nislned 
a prolilmi of great difficulty. It ia ut Uie Rome tmie a ftubjoct of 
lusting intcreal, alike for the soienUat and for the layman, Tliorc is 
always 4 certain fosoinatton in die myeteriouft and unkimwn, especially 
when iL appeorB impoasibla to eoIvo the problems that ore prifaented. 
If it shonld seem a hopeless task to learn anything abuui tlie mteriof 
of the earth, we might profit by adopting that philosopliirul attitude 
tow^ard the origin of the eanh and Uie nalure of iLs interior which 
ivaa erpressed by Barrell * as foUowTi: 

Tbfl liistorj of the earth Is read in ths foclti whJeU have Wn Ibniai n\* by 
Interool lorcas and bcvcJad oerqu* br oroeion. TIhf aeaicr cv^uIm an rl«jirl>- 
ri»roitkd La this imiLkiii™ atid naltiJD of the auiJiiuGiiUry rotk* mid th^lr fwEii. 
hot thft oldcil forautUoiui bvtii foldid, oiuhiiih aud cr^iitJLlKsi-d out of all 

mcmblimcfi Lo their ori,Bfiial natuiVt aad Lotruckd by niolleji inatM iitjw aoUdiae^} 
into KT&mU and oliiifr i^DCOUJ reck*. FomUh, thii ttma maj-kEtm of II 

mm CJdateat, havts hcvn liwlroyfid, and, n* in I bo dawn of biuuan vajii 

perloda of Umq illmlx Kaiod tliroanh the ilbordcrod amt lUoathto Uftiortl. 

TMi ojyatiUJlied and iiitHail^y diivtorted .criK* ol th* oldest tormatrlnJ rocU 
tolk of ao ea rth iurface on wlslth air aud HftUT pUyed their parli Juutb aa aww. 

' Jfsmn. jEBvpt^, ca I m Tlifl rTflOtaotl Af Uw lUno, iijr H, n. LiOI «Ih 1 ^hn tltm ninsti, knit. 
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But U b itiif^ft) rejHAtAlJy ovErn'beliiu^ bj itiitpourlEigB of Iwiltio Uvil on ft 
v«kPt«r liwm tlio^ <?| Liter agist* and tiw ctuit wm rvaurjauiljr bii^kcn up and 
In til ft tloodi rblnj*' uranltlA aja^ai. Tlera the ||]twksgtc nwftl 
bepiii, hni tbcf natUfD of il» ViOflnnin^ ]>omli «}«Ar1^ te Om cibtcmce cf h pm* 
hlatorie eon. At th« farther bounds of Lhla Unrecorded tJeae^ forevor bidden 
from ilLrci?t ntsej-^ itiDiip Itm the ortgin ol iLi$ »nk 

hill \hv jikliad of iiiftu alii not bn baMnd. Since br ina^ not iko directly bo will 
ice by Infarcncii- Convergmst Utici of evident derive fmiu varlotw fidda of 
kuuwledire j*iuy be followed purt vrtky tc^word this guaJ^ Uko tbose myi perceived 
thruuKh tbn t^ieacope on ihs lub tnoOh near tbe mantin of iii viiJIdo tbotiikplinmi 
wluob converfc toward criUn ou the nlde of the moon that no eye ihaB avoraecL 

Doveto^ments in vanous brancUos of scicuce during recent yciu^ 
bftvfi enabled we to <lwiw i>iciurc djotting, ns yet none (oo clearly, 
wLnl Iho iniorior b Ukn. Any progress that may have been mule ia 
due to the johit cfluri of many invostjgators, in the laboratory and in 
tlie ficliJ. Tlio tiuMistirniDCDts and obscrratlDiis Lave been inter' 
preted Him ugh tlie medium of phyGics, of ehomistry, and of nuithe- 
matics. Tlie important i»trt played by these exaet Goieneea in the 
study of tiio earth was recognized many years ago. For example, the 
Advisoiy ComuiiUce on Geophysics of the Camegia Tnatitutlon of 
Washington in ID02 stated in itarafiorl: "The phenomena presentod hy 
thu earth are the (dstoriGal producla of chemical aJid pLiysical forces." 

eoPRCES OF IKFORMATfOK 

\Vc now proceod to discuss briefly Ihn various sources of infuniui' 
tion couceniiug tho earth^'8 interior and to list the more impurtont bita 
of evidence, wiiich may be joined together to give us a notion of the 
constitution of the earth us a whole, 

Ttio surface of tho earth has been Utorouglily explored, and what hea 
just below the surfaco of the land mafiscs has been carerufly and 
paUently studied by goologista for many years. Tluinka to Liio disseo- 
tiou of the surface by crotuoti, notably in deep canyons, a'c are able to 
Icom much aWut Ute tnateriais down to a deptit of sovend thousand 
feet, so tliat we imw Imve an accurate picture of the rock mosses that 
lie below the sn^icifichd layer of soil and sedimentary rocks. Under- 
nuutli this thin veneer there is mainly igneous rock, that is, rock that 
lias solultlied from mollca magtua. According to Clarko's estimate, 
tho outer tO miles of the e^irth coonbit of 05,fl purccsiL igneous roek, 
■4.0 percent aluile, 0.75 jasreeut aandstoue and 0.25 percent Umestone. 
The iaboia of the geologist have given us a store of information con* 
ceming tlie structure and mineral com|>osilion of rocks and the 
interrelations of the various formations. Altiiough there arc an over- 
whehuing inirnher of rock typos, with res]iect to corntjosition and 
te.\lure, curiously enough a predorm'n a ling amount of the visibU) 
igueoUB rock is either granitic or basaltic. The land surfaces occupy 
only about onc^fourth of tiui art'a of the glotn''. Unfortutiately iittlo 
srEo»-as^*is 
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«A jot tA koowit about tbo rocks of tho remotiiitiii; Lhrco^fourliia, 
oldjouglt soidothuig luaj bo inferrod from the geology of tlio ocean 
bottom bj obscrvattOQja on oceniup iafunclif. Direct sampling of tbc 
occsB Hoar bus been Uroitod to a few inchiss in depth until quite re- 
eootlj, tlie doptii hnving now boon extended to aeTcnd feet.* 

Supplementing thu fiicts of geology, tbe phenomenon of volcomsm 
yields important iniormation concerning what we iiuiy call the near 
interior. The existence of volcanoes and the outpouring of veal 
qtiJintiUea of hot gtuica and molten lava funush direct and striking 
evidence of conditions many miles Wow Uio surface, Additional 
information til value has been supplied by measuring the temperature 
of lava lakes, of lava Jlows and of the gasea emerging from fumarolca. 
Further evidence of a hot interior Is derived from the measurement of 
tempera turo in deep mi nos and boreholes. The temperature in* 
creases steadily with depth, but for reasons yet unknown the icm* 
pemture gradient varies wiihin uide limits from place to place in 
the earth. It may increase as muck as 1° C, for each iti meUre or 
as little as C, for over 100 metera. According to Van Oratrund,* 
the greatest depth aciained In any boring is 12,300 feet (in Upton 
County, Tex.); the highest temperature dial liaa been measurefl is 
1 IS" C. in California at a depth of 9,000 feet. 

Astronoiuy yields data of high preckdon concerning the motion of 
the earth, from which can be calculated its moment of tnettia. Tho 
precession of tho equinox was discovered by the Cireek oslronomer 
Hipparchus in 134 B. C. From the uccunitely known value of the 
ecnaiont of preceerion, it follows tliat the moment of inertia of the 
eartli about the polar axis is 3.0QXlO**g cm*. This is a quantity 
that depends on ^6 dblribiition of density within tho earth. For a 
given me^s, and for a ^veti mean density, tlio moment of inertia 
depends on tho distribution of light and heovy substaiiccs; if there is 
heavy material at the center and light material at the surface, the 
moment of inertia would be considerably less ilum if the centra) 
density were siDallor than that of tho surface. The inoniont of inertia 
of a l>orIy may be deecriheil qualitatively as its tendency to con tin uo 
spinning when once it Itoa been eet in motion. It ia obvious that a 
fly-whoel loaded at the center will spin Ires persietently than if the 
same load were fastaned to the riro. Similarly, the known moment 
of inertia of tlio cartli allows us to make important deductions con¬ 
cerning the oiosB or donsiiy at various posittoDS from surface to eenter. 

By for the most direct and dslinite evidence eoncemiug the interior 
of the earth is supplied by earthquake wavee, eapecially in combina¬ 
tion witli laboratory nnioeuremetiLii on various rocks ttiid minernls. 
The story has been told before, but it will boor brirf repetition. When 
an eartliquakc occurs, elastic vibrations of various kinda are genersted. 

* Ftapot. c. S4 BuU. tus. Sat AiDW.,-tvl. *r, tiv in-a»t tna 
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One Taricty tnivf^U dong^ Ujo suTlnev uid b nsspoobiMc for the dniiisge 
tiaitsed tijF laJi?e e&rt txiui^oe. More tni portent for the p rcMo t purpose 
oro the two rorietioa tiiat pesa tJirougii the bodr of iJio eorth. Odo 
of thcea “throug)i'Wavo3"cotisistaoflongjiudwnl vihretiotie, eodosoue 
to ordmsr}' sound waves in sir; Ute other consists of LninsvorM ribrs* 
tiooa, more noivriy nktn to light wsve^, Tluur formsUon is in sccoid 
with ibo condusion from the tlteory of dsstieity that any disturbance 
b nn eiastic isotropic matcdnl should give riso to the two kinds of 
vibrAtionSj trsvclmg with vdoctties depeading only on the density 
and olasttc constsnu of the material at each fK>int« Eartliquake 
waves, wliich have pssaetl through the earth, are rticoided by the 



Depth fjw« Surpsce in Kilometers, 

^ifU L—V4Aocitr-d«{!ll] com (tiw RilMfUJ. ^Ddi iUFPlr iliTwt vrlAmam mmxuSm Ul* 

tiBiun ib4 iMiiir. 


delicate instruments of tho sobtnologbt, who is able to distingmsb 
the several types of waves and to teU with higb preeision their (ima of 
arrival at vadeua stations. From the ahsorvaUona we may coasinici 
for each kind of wave a "travel tuna^^duiimce ciin^e, which shows for 
any distance tlie time requireti for tho vibrations to piissfrom tlw earth' 
quake center to the recording instrument. The muthemaiidan is 
now eaUeti upon. iUler subjecting the curve to a remarkable and 
intricate tnntbematical analysis he finds the shapo of the path along 
which the wave travels—it turns out to he curved—and fijids also the 
velocity at each point of ite path, that is, the velocity at the various 
depths to ivhich the wave has ponairnted in its journey through tivo 
earth from foetta to station. The recent careful dctemiinatiouji of 
Kepetti * are shown in figure 1. The particular value of this vd(wtty> 


• AftaUL Wo. D„ I Hw i Utlw , at- real* Ualtmur SrlAlid tb UibOi, 1100. 

















































26(1 annual IIKI-OIU- BMITHSCINIAM INSTITUTHIX. lOnT 

f{opt(i relatioi) lioa ia tLe fact that ffom laborototy rripftsiiro- 
nicnts i>f tlio elastic cooata&ta of n>cbe (to which referanoe will be mode 
later) u o may calculitic I ha wave velocity In variona types of roekti, 
and Uience, by eompaxieon with the known velocitieB at several depths 
below the surrace, mako important deductionfl eunc'erninf^ the nature 
and eonipoaition of tho material witlun the earth. It is aa if the 
earthquake waves, upon arriving at the surface, carry with Iheni a 
tnesaoge telling not only how long they have beon on tho way and 
how deep they have penetrated, but also how faal they travclftl at 
each point of their path, and finally the nature of iho njnlerial through 
which they have ioumeyed. To \x aiin*, the tiiesattges are in code, 
but happily tho code has been dccipliered by the ingenious devices of 
the mathomaticiam 

Turning now to thoRo Enborntoiy mcasiirementa that pertain to the 
present aubiect, wo note first tho constant of graviution, originally 
determined by Cavendish in the ciglueonth ceutuiy, Tho most 
recent published result, that of Oeyl/ is G,«7X10-* in ab-olmo units. 
hVom tho measured constant of gravitation we know at once tlis total 
maes of tbo earth, mid thence by combination with ita volume, the 
average density of the globe. The vmliic obtained, 5.52, is » voiy 
importaiit one to which reference will be made later. 

The clicnii^l com|iosition of the rocks in or near tho earth’s surface 
hoa boon subjected to exhausttvo invesligaiion. ll is a striking fact 
that, although about 1,000 dilTerant niinerola ore knoira, tho im¬ 
portant and esaeotiol igneous rock'^fonuing minerata number only 
about a down, and that although mnic 00 chemical elementa hove 
Won found in or on the oartlt, 11 clemcntE mako up 90)f percent of (bo 
earth a layers. T h^e eliunenta in order of their abundance are* 
oiygcn, .silicon, ali]mintii:i], iron, calcium, sodium, potOK^ium, meg* 
uftiium, titanium, phosphorus, and hydrogen. The above conclusions 
are bused on tho studies of Washington and others of nearly 10,0011 
chemical anidyaea of rocks, which show also that tbs nveragH ign^UH 
rock found at the Giudaca of the eorlli corresponrln to a gnutito or 
{rranodiorito. 

Of especial signifionnea is Llm composition of moteoriUia. As a 
fcpuit of many analyses of these strange viaitore from outer space 
wo now^ know that they consist largely of impure metallic iron and 
basic aijlcftteo appronching olivine in composition. Absent, or present 
only in minor amounto, are the charttctorKtlc constituanta of gnmitc, 
such as lime, alumina and the alkolis. 

An indifipcnBablo item in the list of factors from which we hope to 
reach dotinito couduoiona concerning tin* earth'® interior Ls the com* 
pre^biUty of rocka. One of the earliest grants of tbo Caincgie 
Institution of Woshington was to F. D, Adams, at McGill l^vertifcy, 

* UtrL r. ntri-. E<i«tadAnlB/wtL flm. YvL d jatt_ 
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for tho purpose of maiioiintig eJaillc coitfiiAiifit of tjpicjkl rock^J 
Thfl reetUt^ obeoinciE wero of groat mtoro^t and valxm, althoiigU iJie 

tTtothod ti^od trae aa indixeet ono and Ltie maAinium pr^uro that 
wn^i applied to the rock speclmeDB wm only a few hundred aiitio^- 
phorea. Stibeoquotitly attempts were nmdo by several investigators 
to meeAuro the oubio eomproaaibility of rocks subjected to pure 
static ppesauro. Tins sort of meaaureuiont is 1>eset wiib many 
difGculuaSr The effect of pre&aure on tbs volnms of solids is veiy 
email. For most rooka i% in botwesn one and two parts fHjr million 
per AtinospbsrSf and It is dnisired to moasuro (±dfi email effect with an 
aecijracy of 1 or 2 pcrcottt* Sadafactory reaulte were obta.Ined several 
ycara ago at the In^titutioD^a Geophysical Lftboratory by tbs mo of 
high hydrostatic preseuros—10,000 atmospheres or mom. High prea- 
fliire, under hydrostatic conditionfl, has tliree Important adYaniagrs: 
First, because the prea^urs c-ouformE more nearly to tlio conditions at 
great depths below tho surface of tba aartb; aecnndp. becauae the volume- 
changes, which aro m amall wlien only one atmosphere is arailahlOf 
are midtiplied lO^DOO times; and tlkirdi bocausc by the use of high 
preasurea wo avoid the irrc^gularides that appear at low preasupcs# 
especially witli coureclj crystallino mais-mls^ 

For these measurements tho so-called pifitou-displacemeiit tpeihod! 
waa used. The specimenj. uauallj cytiudricsl in form, wait placed 
matde a tliick-walled cylinder^ or bomb^ of Bpecial whsrei enlirely 

aiirroundcd by a tliin Uf|md^ it was eubjecied to the desired pm^ure^ 
A piston with n leak-proof packing was forced into the bomb by means 
of a press orut tho pressure] thus built up. A gcnerid view of the 
apparatus used at the Geoph^^iciil Lal>oratory for tneasiiring iJin 
compressibility of rocks is showm in plato 1. The amount of movement 
of tbo piston h obviouflly a measure of tlie volunns-change of the 
znatcjial wUbin the bomb. Therefore, by recording tJie mottoni or 
dLfff>la€ament» for a iseries of pressure^*, and co meeting for various 
fnetnrs such aa the cofjipfYssibibty of tiie liquid^ we obtain finally the 
compresslhility of the epeelmen. 

Althotigh it would bo desirable to have similar direct Dieaauremcni^i; 
of the rii^dity of rocks^ n subadtuto is afforded by tho Bbove-menLioned 
MisTnolopc data^ whicii show that the mat-eria] at considerable dept 
ia sensibly isotropic and that iho clastic eon^^tant callr^l PoiMoii's 
ratio Jtaa tJie nearly constant value, 2.7, This jii^iiines (Jie utm of a 
simple relation in the theory of elasticity to ealculntc the rigidity of 
rockfi at high pnassum from the compressibility measurements, and 
then CO to calcuJate the velocitiea of tha trans verge and longitudiaal 
vibrations. 

Over a period of eovcral yeAra many eucb moaauromonts and caku- 
latious bevo been made oii niirnorotja varietjes of granite^ dial:iii.se and 
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otLor rocks, snd on the eoiomoa. rock-foniuDg jninjenila, Plato 2 is a 
photograph of a portion of the Hpootmens Umt baye boon 'mveetigateid. 
Tho munodiato rnncluaioitfl from the rcenlta wore first, that Ijiiical 
rocks had a much lower comproaatbUit?, and hence a much hi^hor 
wave ydocit^, than had prayiouetj been supposed] and second, that 
except for vptj low pressnres the compresnUlitj of a ^ven rtxik was 
merely the sTerage of the compresaibililiM of its eomponout minerala. 

Ttie aboyoHnentioned re&ulta wereobtsinod at or twar room temper- 
attue. Quite necenlly Birch and Dow at narrard have hetm able to 
uariy out measumaents at elevated tamporaturea and thua to supply 
infoiniatinn eonceming the effect of UmijutrAiiire oa elasticity and 
wave epood in rocks.^ 

Brief mention will be mule of one other experimental research, 
which b pertinont to tho general subject before us. This ia an investJ- 
gation of the effect of high presaurs on tho critical temperature at 
which iron loses its magnetism. It was carried out as a joint effort of 
two hranebes of i.be institution, the department of tortestrial magnet¬ 
ism and the geophysical laboraloiy. At or above 76S** G., iron loses 
itfi strong magnotto properties. Any mnssea of metallic iron within 
tlie earth arc subjeotod to the combined effect of high pressures and 
temperatures. In order to learn something 09 to the possibility that 
deep-seated metaUio irnn, despite a presumably high tempereturo, 
sbould still lie strongly magnefic, moasuTainente of critical tomper- 
atiire of magnetisation of iron end other feiTo-iiiagnetio matorials al 
pressures up to -1,000 aLmospWea were carried out. The fmaJ result, 
that the olTwit of presaura fm the mtJcal temperature was practically 
nil, or probably no greater than 0.001® C. per atmosphere (lor pure 
iron),* will Ih 5 referred to pr^ently in connection with the core of 
tile earth. 

THE INTERIOH OF TllE EARTH 

Tlie obacn-atiens and etpcrimsnta that bare tieon discribed have 
not been intended merely na n partial list of unrelated faeU in the field 
of geophysics, Tliey are the main dues by which w® arr enabled to 
solve, at least partially, the problem of the Btructme of the earth’s 
intoiior. We are now quite cortain that tho earth counts of three 
principal rogtons or tones, the core or central region, the crust or 
fill peril eiat layer, and the intermediate tone. 

Tliet the muteHal of the earth nuar its center must Im very heat-y 
was one of tlie earliest ooneluaioiu) and an excoltent example of deduc¬ 
tions coniUTning the inteiior. Sin re the average density of the earth 
aa a whole ta 5A, as datenuined from the measured constant of gravi¬ 
tation, and since tho average density of rouke found at tho surface is 

* Oma, FraaSii iRit (mv. Bmwil S^, Bad. f)«S. Sbg. Annr., aa). e', im-lSB, jw 
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oqIj &\K>uti 2.8, it u obvioti» Ibti tbu cfintml density tnusl bo murJt 
bi^sr thsn 2.8— pnrbepe 8 or 10 or 12 —iii order (or libo sTurngo to 
como out liglit. Tbta high donsity in the cuutrsl region might bo duo 
to oil her of two causes; (1) Tbo squoflung of ordinary rock into s 
macb smsUor volume under tiio octonnoua pnessuro duo to tbo weight 
of 8U[>DTiBcumbont mstoriaj., or (2.1 the proaenco of some oil i or, incrinsi- 
cally heavier, substance stioh ss s inotsL Tlie hist altomativo was 
olinunstod by using seismologic tlnto to td] us the compreofiJbility of 
rocks at groat deptb aud then computing the atiiount by wbicb the 
voUuuo of silicate rooks could tw reditcod at depths well toward tbo 
center. Tlio ntaxunum by wblob tbo density of the mstetial could bo 
increased turns out to be surprUIngly targe, but outirely inadequate for 
giving the required avorsge density of tho eiirth. We must eonctudo, 
thuroforo, that it is impossible to account for tbe high doiisiiy of the 
earth by compression alone, and that at and around the cantor thora 
is a cousidorablo amount of an uitrinmeaUy heavy sulistattco. Tho 
only rcsBonable ohoico is moLoUic iron. Tlds elDmant is tliu fourth in 
order of abundanoo in ordtuary rocks, it is also abundant in the sua 
as abown by the specLroscopo, and in both the metAllio and oombinod 
fori]I it is the dominant, constituent of metooHtes. Ry analogy with 
meteorites we should expect that tho core would not be puio iron but 
rather an alloy of iron witli several percent of niokoL ITio notion of an 
iron core is not a now ono; it was suggestod by Dana in 1873, and 
dovebped by Tneubort and others Ui later years. Still earlier the earth 
was considenHl to be a great ball of granite, cbenucally homojn<iu.>aus 
tbrougbont, but we have now passed bayond what may be called tbo 
granitic era In geophysics, and our present convictions are based on 
quantitative evidence of tbo presence of some lieavy itiataiial at 
the center. 

We may tbereforo speak with oonddence of an iron or iiickel-iroii 
cure tbs diameter of wbioU ia fixed by seiamologic data al 8,400 kilo- 
meters, or a little more tliau one^bulf tliu dimnster of tlte earth, and 
confirmed by the fUorncDt of inertia drtertnmed by astionotnical 
observations. Tlie core b plastio rather tlian rigid, since it doca not 
transmit transverse earthquake waves; it is nonmagnetic and ibero- 
fore baa no appreclabla mliuence on tho earth's magnettsiu; and the 
pressure at its center, as is easily csloubiLed, reikchos the cnortiiuus 
value, 3,208,000 atmosphores. We know the core lo bo very liut, 
but it lias not yet been possible to arrive at on entirety satisfartory 
estiinate of the central timiperatuie. Prom coiisiileratlciUii eoimected 
with the origin of the earth, tiie conclusion has been reached Umt 
tlie tomperature b the far bterior is of the order of 3,000''’ C, 

Altliough tho existence of an Iron core is generally accepted by tlioiie 
who have mtorested tlicmselvea in the subject, u few bvcaiigatois 
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Imve dcmbt^d (Jie vAUiJity of Lble coni^iuaion. Oao^ for ^xainplo^ 
tu expiHm Uie high ceotra] deiLsity by ibe coruhiiifllion of 
monia utiJer tho toodiUnjifl of high presauro md tonipGriiti.»je to form 
h<iavi(xr aU>tm of rarioufl kUidf. Others have inciioed to Uie belief 
Umt oiider etifTiCLtmtly high preasurea die stnictuTo of dl aolidi will 
wllapsOi leaving a matend of the eame chemical eosnpositioti and 
greatly IiiGreased deitsity. 

This remiodfl one of the heated discussion carded on some ye lira ago 
in the iuilunms of n magazine devototl to popular scieiicei ns to whether 
the water at tlie bottom of the ucoon woe as dense os cast irou. One 
faction contejided that engineering data showed that materials or 
atruciurea snid^^ suflioient comprt^on in a testing maclune 
invariably failed by crushingj and that at constdexable deptlia in the 
cjccan the water would on.]?h| or cave in upon it self i and thue beicomo 
oa dense as u heavy niotali Tlic principle that was overlooked in this 
eontODtion wag that it is relatively very dlfTicult for pure hydrostatic 
pressure to make a stniciturfi collapse. It is true that wo intiet be on 
guard against applying Uio experience and condudona periaining to 
a limited range of prt^tires and tcmpcraluros to the extreme con¬ 
ditions prevailing in the interior of die earth. 

On the odier Liand^ various conaideratlona indicate that the postu¬ 
lated transmutation of ebments and coUapee of crystal atructure will 
taku place only undor presaiirra and temperatures of a lugher order 
of magnitude than those existing m the oarlb^ that m to Ba)% [a the 
Interior of etiy^ rather than planeta. 

Pjnaaing over liie iutormediate xone for the momentj let us tiim our 
attention to the outer layer^ eomm.oii]y called the crusts 'rhis Icrm 
dates back to the limo when the nartli was thought to consist of a 
thin solid crust Burrounding a molten interior But the notion of a 
true omat lloating on a thin liquid is now abandotiedgp although iIlb 
word is Btill used to designate the outer layer, perhaps 40 or 50 Idlo- 
meters thick ^ with properties very different from those of the materiiil 
below iU 

l*wm geologic studies H hoa long been krkown that the accessible 
part of the crust consists largely of granite. When the measurements 
of tlie coiripres^ibiiitiea of mcks^ already referred to^ were made and 
the velocity of longitudinal vibraiions in typical granites found to bo 
5.6 kilomDtcrs per second^ it was thereforo a source of gratlficatioti 
to find that Uila was precisely the speed found by the aekmologist 
for the longitudinal waves hi the outermost ports of the cru^t. From 
dehunolDgic data we know tlml tliis granilie layer vorieti in tbickneoa 
from placii to place. In eoniineuta] nivus it may be oh Little m 10 
hilumetem or much as 30 kilometm in thickne^s^ w bile in the great 
ocean booke it eppe&ra to be entiruly mkeiiig. 
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Undpmcalh lh& gTMiilio laypr (La crust* as mdicataJ by ih(J velocity 
of CKrthquakc waves peaaing tlirpug;h this re^oo^ is basaltia in com- 
podtioD. There k some evidcace for a transition layer mtermodisto 
in etijuposition and positionj but apparctilly the onisi ocnidfits largelyp 
if not entifeJyi of the granttie and hasoUk layers. 

By the mathomatickl thooiy of boat conduction tho f omperalure 
Lhrouirhout tho cnist may bo estimated if Tbreo principal factors are 
known. Thoso are {!) tJio ago of the oarth* (2) tlio Averago amount 
of radioactire aubstonees in the HnperfiGial rocks^ and {3} tho tempera- 
tuni gradient at the snrfacfl. The age of the earth—that Is, the time 
that has elapfiod from tlie initial aolidilication to I tie present time—to 
probably not far from 2*000 million yearn, since nxinerato haro been 
foundp whoso Ago as detenniued by tho biwtouraniutn ratio to 
million years, and since from astronomical considoratiorifl an tipper 
limit of 3,lK)0 miltion years is indicated. The average amount of 
radium in the rocks found at tho fiurfaco ia about 3 parta in a milhon 
n:tmion and the averago iemporaturo gradient iu tindistiirbod regions 
to 0.03*^ Cp per meter. Alihoiigh these items are all subiect to con¬ 
siderable uncorti&inty, they allow im to constnict a ueeful ci^nro* ahow- 
ing how tomperatiiro varies with depth. Especially striking to tho 
concliisioD that below about 300 kilometers tho temperaturo to nearly 
tho sanio as it was originoliy; tho greater part of tho oarth to now 
hot as it was ivhon solidification firat took place. 

Tho accesaiblo portion of tho cnjst to almost ondroly crystallino.. 
CiSAS 93 ^ or amorphous niatcrioi to comparaUvely rare. WlietJior tbs 
deeper parts of the cnist ero eTTRtalhne or glaoay to n que^^tion upon 
wlikli there to not yet oomptolo agreement. It to worth while to note 
that tho question cannot bo answered by roferring to the tomporature- 
depth curve already inentioniMip t^snse the only such ciutm! that 
have boon constnictod were based on tha supposition dmt tho torrmna- 
tion of Lhc ora of free coovoetlon and the InitiaL coaling of tho earth as 
a polid body wore eoincldcnl with the froejdng of the nxoltan magma. 

Tlio iuterrncdtotQ Eono 2,000 mile* in thkkness oselmds from tiie 
botlom of tho crust to tlis top of tha irc»ii core 2). Ita sirikiiig 

fr at Tiros aro tho major dtoconLmuitiiM In tha velocities of earthquake 
waves at tho upper and lower liouDdariefli. Passing from tho crust 
down through tho upper aurfftc'O of this reginiip longitudinal waves 
Buddouly Incroaso their speed to S kilomatera per second. The labors* 
toiy messuraments on iha elasticity of rocks, meniionad above, 
indicated that only two kinds of rock could support high a velocity 
at the mwierate pr^saurea appropriate at a depth of about 5W kilo¬ 
meters. TtiCOT are dunite and eologitai rooks tiint are found Ui few 
places at tho surf acre of the earth. Weighty ovidenco pointed to the 
first; of these aatho moro probable constituent ol ihointerrnediatozone^ 
and tho ooneluslon was drawn that tho shell constoted of this Dlivino 
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rock and that iherofDre Lh« whole earth, except for the iron ctiro and 
the rclatiTely ihin oniat, wan madn up entinalj of magneaium Iron 
orthodlicAte. It follow^l Ihat only four olcmenhs, aiUcotip o^cygon^ 
magnefiium and iron, composed ttie bulk of tbo earth Bubtitance^ all 
tho other cIcsuontB being present in minor amounts. 
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The force of tbi^ concluaion has been waakenetl somewhat by the 
reecDt me&auremente of Birdi ami Dow, mentioned ahove^ on a 
specimen of diabase from Vlnnl Daren. Tho reault obtained for the 
oompreaailiiUty loads to u waTe vdodty equaling that foumj in the 
upper pari of the intermodjate lajerp md Ums appears to mYalidota 
the ar]guiiieiit tlial tho proBonce of dutiito or peridotita in tills region 
ia neccssaiy tn urder to account for tho ohaorYod velocities of earth¬ 
quakes below ibo bottom of Uie cruat. Tbe method used wa^ a 
one, Ujfl cubic cortipre^bility being inferred from tho cliangn in length 
of a small rod cceposed Lu pressure, wheroaB at iho GeophyBieal Labors- 
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torj the voluTUfl-djong®, being tiiMSured dircctlr, p independent 
the dcgroo of isotropy of the material. In tiow ol Uie fact tlial tba two 
metboda agree remarkably well for Doaporoiia substances siirh as eiJita 
glass and also for the porcuia rock, limestone, the writer profota to ace opt 
the results of direct Tolumo-change moaauicmont amtl the conclusions 
based thereon, at least imlil mcasaroments by the linear inotho<l nro 
jnndfl on specimens of diabaso out in three mutually perpendicular 
directions, and until further njuasureJiietila by both mothods cm the 
same samples of rock become aTailablc.^' 

From observations on the ridal dpfonuation of the surf ace. Urn earth 
has long boon known to be as rigid as steel, and trom. scismologic 
data we Qnd that from crust to core tbo rigidity increases steadily 
with increasing depth. It is very dear, therefore, tliat tho earth as a 
whole is "solid”; but whothor its substance, parttaularly in tlio inter- 
modiste LOne, is ciystaUine or glsssy is more difScult to decide. 
From what information we have it doe* not Meni poasibla that any 
fiilicste ^sss of a compoBtion favorable for remaimng pflimsnently 
in the glaasy state can support the requisite wave velocities. Although, 
there may be, aod probably axo, shallow tones or limvtod regions of 
glassy materiiil, the weight of evidence, in tbo arriter's opinion, seems 
to favor cryatallimty for practically the eniira sUicaio part of the 
earth. This is ft subject for winch admxtUvily there are decided 
difference*} in tlte viewpointa of various invijatigattira. Lack of apace 
prevDuta a complete discujssioa of the Kubjoct at tlm timo. 

Many circiimstonctii, concorning which tlii'.re is at the moment 
InsufGciotit timo for discussion, mdicato that ibe early history nf the 
earth was as foUowB; The primitive molten magma consisting mainly 
of inagTicauum iron ailicalea with email or amounts of otimr oridea, 
mrlnHlng watCT, togothor With * conflidemble amount of metallic iron, 
first flopnralEd into two laycre—mnltcn iron l«low and rilicato mugma 
ubovo. The dlicate layer tlien began to crystaUiM at the bottom. 
As the solid layer iiicreased in thickne^, the minor Gonetltuentsi, in¬ 
cluding water, were concentrated to a greater and greater eittonl in 
the lemiuning liquid. Finally, when the liquid layer had been reduced 
to a thickne^ of a few tons of kHomotors, and was much richer in the 
originally minor consrituento, tlio crust of tho earih was formed. 

One of the most cogent reason-s for behoving Unit the earth id 
crystsUine is that in no otbetr way can we easily account for the fact 
tliat tho crust dlffsra so markedly from tlie interior. Granting that 
the earth was onco meitott and well stirred, we apparently must odmit 
riiat the aeponation into Konea on so largo a scale took place eitlier by 
(ho falling of a heavy lofioluhle liquid to tho bottom (thus producing 
tho iron core) or by tho residuum of a process of crystallisation, this 
residuum becoming the crust. 

l4 RiHWl itlnvui 4 tiiiVili ibf itfrHh *^-1 ||AUi*Kffl IllfliOTn. Gio).* D> 
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The problem of tha oarlti's Ulterior has not yet been solvod. 
Although much is known B,houl conditions far tirithiii the earth liie 
interior etUl holds many mysteries. An explanation of the mechanism 
by which deap^focus earthiiuakea occur b lacking, and we have do 
clues as to the underlying eaiiBO of the numerous minor discontinui¬ 
ties in the earthqAiake velodty-dqith curves. Bettor knowledge of 
the temperatores within the earth would bo of groat utility and, 
eapeciallyi Mma bask for a more precise estimate of the original tem¬ 
perature of the molten earth. A genoral understanding of tlie great 
intermediate aone is essential halore we can make satisfactory progress 
in investigations of tlia crust. 

But although much roniams for tlia future, wo are able to point to 
a number of definite aceomplbhments during the past several years, 
These nro flj prsebe meaerurement of riie elastic constants of rocks 
and the dotemunation of the speeds with wliich dastio wav«» will 
travel through thorn j fS) the identification of the upper half of the 
crust as a granitic layer | (3) a denionatratJon that the core of the eartli 
contains a heavy i^terial such as iron* (4) an explauaiion of the two 
major disconUnuities within the earth in terms of the elastic constants 
of typical rocks; (fl) the supplying of strong eridcnco that huge masses 
of iron may exist in tlio interior without influencing the earth-s mag¬ 
netic field, and (®) the establishment of an improved temperature- 
depth curve for the cnist and the region immediatoty bcluw it. 

Ill attempting to paint a picture of the deeper parts of tlia eerth, 
the best wc cao do at preecnt Is to draw the outlines. Perhaps future 
developmente may enable us to make a bolder drawing and even to 
fill in something of form and color. 
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ORIGIN OF TIEE GREAT LAKES BASINS ‘ 
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INTROBUCnOff 

Tlie tuBje-iioaoriKl LypoUieds of gUidal exeavation m Lbe pHocipal 
ciLii 4 (> of tlia Great, Lu^ basias appeurF to have falleii mto dbreputo. 
Moal (tf tbo latest' toxtlHXjka of geolopy and jibysiography dlher fail 
to menUon a rat:iso for these greateet of Lite world's freeb-wnter lakea 
or etato merely that the basins are the product of land warping, 
glacial erxision, and ghiciid depoeitjoi). A number of ontera have 
quoationed the power of ice in continental glaciers to produce deep 
b&aina * end have given reasons lor buUevttig that otber Inctom warn 
more importauL However, for ono intercstMl in the ice-orosion 
Lypotbeaia tbe greatest BurprUe is to be found in u rer.eut artirle 
regarding Uic bntbymetry of Laikc Michigan,' The writer of tbni 
paper boldly discussed the origin of the baain without oven mentioouig 
the posribility that glacial erosion might have been a factor. It ia 
time that RoinenDD diallenged tlna growing neglect of the glacial'- 
eroaion hypothcais before it reaches an undeserved state of senility, 
Tbe present writer became intercated in the pn>blfim through the 
fltiidy (if aubtuarine topography and particularly tlirough comparianna 
made of iho bathymetry of the Great l^akea wdtii that of the coiiti- 
uenud ahotvea and inlota in glaciated territory. 

OBJlCCTtOKS TO ICE EttOfitOK 

In regard to tiie Great Lakca tlin beat statement of the objections 
of ice oroaian ia to be found itt Thwaitos' Outline of Gladoi Geology,* 

I Ut iwfiiiHlriJD teno |1 m JwimJ a( nt ^ L JiaHprf-fWarsuT 18®f. 
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fie calls attentmn to islands of wenJc rofM in iho Lnko Superior Boitn. 
fio notes that tlie bosias are too wMb to U* properly dtacribod sa 
U*shai»(l, mid tia questions the osistence of hanging Yalloys along 
Lhe margins- Furthfcnaiorc, he rofara to similar basins wliich pa tend 
across tlie direction of tea movement and to nedgliboring basins in 
Wbiconsiii wliicb ato "ejtplkahl* only as dnpreffied parts ol river 
valleys." He calls attention to the tuimcroua glaciated surfaces 
where ice did not Qvmi remove the weathored material. Finally, he 
expnseea double on tbeorcllcii] grounds of iJie capacity of cootb 
nenta! gtaciers to erode deeply. The objectione of other geologiats 
are adequately covered by these same pointe. 

ALTEKNATE H\TOTnE8tS 

That glacial deposition blocking the outlet of preglacia] depreo- 
dons Is tlio principal oatise of the Lakes hoe been suggestiKf. Sponsor' 
bolieved that the basins were cut below present eca level by streama 
as a result of uplift prior to the glacial period. Attention has alao 
been called by Tbwaites and otliara to the warping in tba Great 
Lakes region which might suggest a diastrophic origin. Other deep 
huains, such as the Rift Valley lakea of Africa, the imge takes of 
Asia, and the basins of Nevada and Utah bave been caused by 
diastropbJsm, 

TESTS OP THJ! HVPOTHE3ES 

Tliough it k recognized that in all probability sovorol factors Eisvo 
contributed to the dovelopmont of the Great I-iohes basma, tbo ques' 
tion arises wlicllior somn one of them bos not been of major impor¬ 
tance. Tests nmy be applied wbitb should make a decisioti on tliia 
pcint poetilble. 

oniVTHiBsmucmsn rnnonACiAii vAiu.nTS 

In the first place, ii the basins are largely drifLobstTneted valleys, 
cut originally by river erosion, the bottoms of the basins should be 
liigher than tho rock floors of the seaward extenslcm of these old 
valleys. Also, tho basins should show croas-sactioDS ol a character 
snggfiativo of river oroaion and in keeping with the relation of tins 
Talleys to tho drainage divide. 

Theee expectations ore not fidfdlcd. U k well known that all tho 
Groat Lakes except Lake Eric extend below sea level (for maxixuuro 
depths see fig. 1), and tbeir rock bottoms may be at a muoli greater 
depth than shown by the ooundinge because ttie retreat of tho ice 
may have loft considerahto drift coveringe In tlicse basins. Thwaltes 
notes that "wcQ records foil to oJiow any wulo preglarJal vaUcya 
leading out of the basins of the Great Lakes," and “* * * the 
rock bottoms of tlio Mississippi and other preglacial valte]rs are naueb 
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liigiicr than Uia i>oltom» ol lha Great Lakes." * In order tn usume 
Eomc gradient toward the MiseUaippii which ■waa [)rDbabl]r tlic pre- 
gtacio! outlet of iho Great Lakes iLrainage hofin, tho bottoms of the 
preglacial eollejre tnuRt have been almost as high as tho pnosont sur¬ 
face of the Grctii Ijukefi. Furlbermoio, Lbo area in question, being so 
centrsDj located, must have beon close to tho drainage divide. I t is 
hard to conceive ol river vaDeya hi such a location with doors os 
wide os those of the Great Lokfls basins (fig. 2). Nor do Uie ndee 
of the busins have the typical sintioua outlines of river voDo}^ Under 
the eircumetancos it seems unwise to attribute the present deep 
basins of the Lakes to preglacial river erosion although the proba¬ 
bility that small river-valley depressions existed along the lintjs of the 
Great Lakes must be rooopiieed. As a corollary, glacial deposition 
must be rotegatod to tho unimportant nde of helping iti limit die 
fiise of bmiias formed in other ways. 



VwCTw a..~Cr ri a «itito Out tJtos- ti«t«tii«rBUUntriiii(caiU«suStB«idt«a. 

eiUlLAU BASiNS IS ULACtATKO nitOlO.SB IK QEKKnAL 

A second tost tn»y ho made of the reletivo morita of the hypotheses 
of glacial erosion and diastroplusm. If tlie bitsina were duo to glacb- 
iton, similar basins migiit bo found widespread over the glaciated 
territories of lbo world; wharooe, if they arc diastrophic, oueb a wudo 
distribution in glacintcd regions would be moAl unlikely. In conaider- 
ing this criterinri three tlunga muat bi! bomc in mind — first, that sotno 
of the bsnins do tiot appear oa lakes because tliey are completely sub- 
merged by the ocean; second, that the bosius in areas glaciated in 
early opnclie would lisve been fUlod to a considerable oxtont; and, 
third, that tho greatest gouging acHon of tho Ice w*ou!d bo OTcpectcd 
around or close to tho margins of ice sheets, so that llio olisence of 
basics in the intoHor would not be nigiuIlciuiL, With those pouits in 
mind wo may proceed to au examioation of the principal glaciated 
territories. 

A map of North America (fig, ]) diows a eorica of large lakes occupy¬ 
ing badns in tJio soft rocks c»[) the soiitli and wntttt borders of Uie 
Canadian slileld, and batltyniotric nmpa show that, o lowering of sea 
level w‘ouId Icuvo similar lake basins in Liw gulfs and baya southeast 
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Add nttrth of tho shield. Tho Gnsut Ijatccs biuins ofo ndLlicr ths 
Inrpest nor tho dMi>i!ot of tiieso features. Tho Finger Lakes of N'ew 
York Ststo and [.ako Cliampliiin aro amaUor tlian, hut almost ns dwp 
Bfl) the Great Lakes, Tlio Gulf of St. l^vrrenc.o Li coinparnhlo to the 
Great Lakes and rontains large, clnep, ritiunei] depn^ons.' Along 
the eoest of Labrador a few inieta, notably Lake Molvijli', are aJsto 
rornpnrahlo, hut in general the inlets or ^urda are too snuill to warranf, 
(■onsidflTBtiou. 

N'ortb of Canada the series of straits and gulfa among the tslsndi^ 
have boon ebarUid only very erudaiy, anri Boiindings are searra. 
Such information na ta avnlEsbte, however, suggests lliat tlime bodies 
of water are similar to the Gulf of St, Lawrente and probfihly con¬ 
tain busins of a depth and sase quite enmparabla to tho Great Lakes, 
ftudson Bay has been sounded sulHdcntly to show tlioi it has basins 
srilhin it which compare in dimensjens with Lbo Great Ijtkca, Great 
Bear Lake, Great Slave Lake, Ijnke Athabiioca, Reindeer Lake, and 
Lake Winnipeg are aimewt as large aa tho Greot ijskeH. Their deptha 
art) not well known, but soundings in Grcitt Slave IjAke show a raad- 
mu nt of S2fl feet and in firnat Bear Lake of 450 feet *—deptlis not 
unlike those of the Great Ijihea. On tho other hand, Lake Winitipcg 
docs not liavo depths much in evee^ of GO feet so far os is known, 

lo tho European glaciated area (lig. it) there arc various Largo 
lakes, and tho seas and gulfs contain many haain dcproii.-iiuns, Tho 
Skagor Rack, south of Norway, has a deep, rimmed basin.* Tho 
Baltio Sen, the Gulf of Bothnia, and the Gtdf of Finland all contain 
sjablo drpn^saions. Further east in the Soviet Union arc fjuko 
Ijudoga and Lake Onogu. Tho White Sea contains a diiop baqo, nrnt 
tho contlmintal sholf In Uia Barents Sea oontnins a acHos of deep, 
rimmed daprcsalons. 

All Uiese oanniples of large btutins in glariaterl regions of retalivcly 
tow relief show tliat the Grout Isikes are features characloriBtia of 
continental glaoladon, Tlio ureas immediate! 3 ' outside the glaciutcil 
regious, together witli much of the urea of marginal gliiciatoti terri¬ 
tory, where tho $ch^h>rs were ttiin and of sliort duration, tmvo few 
buidtis both on the lands and on tlie continental shelves. Accord¬ 
ingly, it apporm tliat the Great fjukea are in some way related Ui 
glaciation. 

niAamorniuu in glaiuatko mnnitoaT 

Thu pouEthility must bo considered tlmt the ulmndance of hasins in 
the gladate<] territory eimpSy niiuins that Uik territory has also been 
very uctivc diuitrophirally. Teats will bo applied to see whrtJicr tliU 

'■b«tws,r e.,'nit*t •tismartn UTiiiii. nnn.na«iia«< 
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b the ease. First, leit m WJnaider iLo eojrtJiquBke (Ustribiition in 
rfilation to glncift) territory, If we pl(t4M» the great eeuuuJc belts end 
tho gliicintwi territory on (ho iiamo wotld-ruBp, wo find that the two 
hardly coincide nt nil {fig. 4), Further conuiderotion nhowj) Unit 
both the Scfjtidinavian center tii Europe and tho Lftbradorien and 
Keewatiit centers in America are related closely (e nneient shields 
where stability has long been developed. Nor are there notable 
fault scarps and fault troughs developed in these regions. 

Now, if we consider the other areas of the worid which contain 
large basins, we find a very different picture. These areas are found 
within eartJiquako belts in praetically every case. The areas con¬ 
tain a tnajte of fault scarps and all other indications of having been 
active diastrophicftlly in recent tunes. 



FlUUU tJu kek al nlciitiui b^tw^ea «xtlj iiUftk* bdu fttid tkckCMl iWT[E&ti\ 

TJie orjninieiit that there has been warping in glaciated territory 
in posigiflctal limes requLrea some constderntion since this may rep¬ 
resent the cause of the basins. It ts generally agreed, however, that 
this w'arjiing is thi> reaidt of readjustment of llio carth^s crust fol¬ 
lowing the rcloaec of tiie load of the continental glaciers. The com¬ 
pilation of tlie data by fhiteaberg ahowB that, so far as the Great 
Lakes area la concern^, tliere is h progressive rise from (he seulhero 
hnundory of tho lakes to the north. Tbo priiicipaJ effect of such a 
lii t would bo to dccreago tlie sbte of the boeins, nnd it cortainly should 
not be considered os an importani factor in their production. 

movfmknt of thk ice 

The various opponents-of the idea tiial ice excavation is Uiqrortant 
hove made much of I ho presence of deep basins transverse to the 
gancro] niution of icc. This ta true of matiy of tho fiords along the 
various glaciated oouata of the world. It docs not, however, His- 
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proT9 lliD glaciai-excavatUin IiTpotbe^ia. It is known that in 
(irons of continental g^UdatJan nimterona glacial stria dons oinea Uie 
goDorui direction of ice How, Also, ns Las been pointed out by 
Bretz,'* the present conUnental glacier of Greonland Los a concen¬ 
trated How along the dnrds which aro buried booeath tlie ice of the 
interior. Tins obseryntion Ldps explain why there is such cleat- 
evidence of excavation along eertaui valleys in fonnerly glaciated 
regions wUoreas the uplands between the eaniB valleys were nnt auh- 
ject to much gluciul srealon. 

Tlial t!ie ice did move <lown the Great t4ikea baslus is clearly in- 
dies tod. The map ciinj ruled by Leverett “ shows the various lobes 
of ico which occupied each of tho basins. Those lobes have been 
domonatrated by the glacial striationa and by the morainic belts 
which surround tlio outer termini of the Great I.>akcs bosins, 

CO^t PAR ISON \TITH nOROa AND OTHER GLACIAL FEATURE!) 

It is iruite goneraUy conceded that fiords ore duo largely to glaeiaS 
erosion.. Also, tlio lai^ takes of Switzerland and other glaciated 
mountain rangea arc oortsinly glociat excavations.'* The writer 
called attention to the complete gradation which erisls between 
fiords and submarine troughs out on tho o[>cn conUnenta] shelves 
off glaciated oOBats.'^ The Great Lakes, likewise, can he sltovm to 
be related to the mountain lakes of Switzerland vdih nil gntdations 
between tlie two. All four of these features have many points in 
common. Thus, while the Groat Lakes are not strictly U-shapod, 
their transversi.! profiles nro troiigh-shapcd with relatively Bteep walls 
on dther side (fig. S). Also, the sides of the lakes are comparatively 
straight os are the sldos of many glacial volleys in the mountains 
and tho Cords of glooiaUKl coasts. Tho unconner-ted deprasaions 
which characterize Lake iSuporlor (fig. 5) have their counter]>aii in 
most fiords and in many largo miiuntniti lakes. The rooky islands 
widiin Lake Sufierior, which were cited hy ThwoJtes as on aigntncnt 
against ice erosion, are matched by the rocky islands of most fiorda 
and are found also in some of the Swiss lakes. 

In 1870 Androws ** colled attention to certain subaq,iteoiJB terraces 
along tho niarpin of Lake Mlclugan which he thought extended to 
depths of CD feet. Johnson subsoquenlly exon lined tlio evidence 
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TFTE BIOGRArriY OF AN ANCIENT AMERICAN TAKE* 


By B'tuioT H, Bsasi-RT 
U, 3. Surrtjt 


nVith -4 itlitwl 

As m tJd<in timos, when Kuljlai Kh«i UftW ftbsolnto rule over a vast 
domain and pw'grcafilvely amassffd great health by Toason of the 
tribnto that; flm^fed In from outlying provincoai so In a far remoter 
epoch, long antedating Imuisti history, a groat lake hold sw'ay over n 
vast area in the Rocky Moimtain region and gradually aocimiiilatcd 
in tremcndovis voUitne a potewtinl iiatitral re»o«nn> derived from the 
9un*8 unfailing supply of oactTjty and from tlie mineral hurdcit that 
flowed in from adjoining lands through its tributariee. 

So remote wna this epoch that ooidd wo go back to it in time wo 
would he cotiipellod to gage our progress by tho slow evolution c}f 
animal life and tho gradually cSianging esipression of the earth's face. 
We would have to go hank ward with nadreamed-of speed past a 
pageant of animals that inlieriUMl the aarUi in slow auccession as 
evolution molded them. So sjhort is man's history lliat It would flit 
by loo ffuiokly to bo pt'rceived. Pasalng backward in a brief moment 
Lhrougli the ailent ice ago, wo would see man's primiUvo aueeetors, 
logetlier with giant sloLha, giant boars and beavers, and llie woolly 
mammoilu Further hack we would meet sinall elepJianto and, on the 
plains, bands of honses, wilti afiscfl, and canuda. Farthor hack in 
time's flight wo would lind their smaller and ever siualler procuraors- 
Suddenly would appear the hipptiipotaniiifi.liko tilanotherca and a 
host of other strange creatures, each leading a succession uf smaller 
and loss spocialiaed ancestors, Kinally we would como to lha time 
of tho diminutivo four*toed Utiraes, wliirh dwelt in the forests and 
grassy parks of that opoch of long ago when tlie ancient lake came 
into ila regency. 

This great lake, known aa^^Lake tJinta," occupied a long, shidtow 
basin or downwarp of fhc eartli's crust about u hundred miles sootb- 
cast of Utah’s present (Ireitt Salt Lake. 'The record it left la pre- 
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rgit’ckI id Ote fnmi of at) immf^nse body of noarty flat 4 yltig hcd» or 
iHvem of fiti^graiDod rock ttimila r to litliograpluc stona. I'kio glvut 
ttody of nx'k ta bji Jong' as Vermont but coitiddfirabJy ^ider, and in 
places it is almost s mile thick. Deep ctinyons imd \:ride voJIoys arc 
tiow out 111 rough it inuU dirotliotis, so that tbo nholeriMtorii is iwrcesaible. 



Fl9m I,—lliAdS luti ID* kiOilUttB Wd Utrualmali ofUit uctint fjiM Ulnli, 


l*ho thin layers thus osiyMe<l bear a remarkably close rtraembianco to 
tin) leavcfl of ft book. Indeed, it Is room tluui a superficial reserobianco 
for the Inyoris fire in fact pspra. upon is litcb are impresaod syrobola that 
portray ovems of that age so long past. 

Modem books are so familiar that we toke little thought of their 
coiiainjction luuj: have no difllcuUy in reading their meaning. But 
when, tlie earliest written recortla of man were found they could be 
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u^!mI only after lo4inmLg bow tho symboltf wore fonmCKl and wbat rela- 
tioti boi^ to modifm lan{?tiiiga. So it b with th# rw3ord left by 
Lluf ancient Litku Uinta. Geologists in tlic sc^ventka of Uie lust eenluty 
pricil apart thtf stony pages iwid foutnl that tiiey contained a ^toty 
about an aneiotit lake, But tlio atorj coulrt be read no fwater than 
tho BciojTOc of geology grow and provkittl tbo kctya for iji(er|preUng tho 
syn^boU, Moreover, tlie road big wns alow hcciLu»e fmgnrniU of tbo 
rei'ortl enmo to Light only ptecemoal as exploring gaologiaLs penetrated 
moro iixid moro deeply into those parts of the arid West uway from 
establifiiied routes of travel. And Hnaliy^ long piissoge^ in iLie te-xt 
remained obsctire until the Bturlj of modem Jakes revealed ivbat was 
tttking place in liiem^ for iLo cLaracEristics of au ancient lake eaiL be 
undenstocwl only by imalogy with the lakes of todey, I'bus only 
recentlyp as more and more ports of tho story have l>eers as^mblctl 
and Integrated into on ordered sequence, bns it been possible to learn 
how complex and raried is tho history of Lake Uinta. That Itistory 
includes u wealth of inf on nation, not only about the plant and uiiinial 
societies that dwelt in the lake Itseli and on the ndjacont land^ but 
also about the ways in wliich they tJiimged to meet a gradimlb chang¬ 
ing eJivironnueriL It teUs how for thoiiEands of yeara the Ukke kept a 
aort of cutandar, by dcpositicig each year a tldn Jflyer of peculiar 
sediment that w'ns sharply marked off from the layers formed ih* 
yasiT before and tho year after. Though these annual byore do not 
coEiliiJue tijTougli the whole record h hxks been possible from them to 
estimate that Lake LTlnta was in existence for millions of 3'ean5. The 
his Lon' is more than a reel la] of idapseil Te 4 im, howevisr, for it ielLs 
Liotli of major ctttj^strtiphe^ and of sutli trivial incidenta as the migriv- 
don along tJve water's edge of a sw ann of 3funth swollen dreaded larvae 
which, had fato hoen less Imrah^ would one day have split thoir skins 
iind oinergad aa adult gnata. From tliis emcrgoncci hovvever* they 
were prevontod by tt drop in tho lake level, which loft them lo perish 
aod dry in the sun uutil tho w'aLer rose ugain and deposited on their 
r4ituaim q shroud which it fashiDned out of niLimte interlocking 
mbieral particles. 

I 

In tho he^iuiiDg tho silo of Lako Uinta was a brood, nearly level 
alluvial plahi—a sort of huge amphitheater, bordered i>u three aides 
by mountahis Imi open to tho south. Sl^caul^l fmui thu mountains 
wtJUiiil lijitlo^ly acn^sa tha plain and rested in tin? gra^^y nutrsdiea. 
Bui this* Undocapn waa de^itlned to change, for, beneath the phiin, 
tlio stony slitll of tho eartli was bfginiung with snhUo slow^ncss U> 
warp downward. Thcroaftor tho sireanisj spread hnrndly over iho 
meadows, changing theiit to hkm. At Uicro were two birge lako3, 
but o-s tha d own w'oq)ing con tinned thasa soon expanded uiid coale^dced 
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int<» ft singlo aiieal. of wotor ns Ifiog ns Lukv Ontarm but mudi wjdsr. 
Thus? Lake Uintn cjuno into beutg^. 

Up from tbs north sliore rose the great swelling bulk of the Uinta 
Rtmgo, its Unnkfi grceo with forest. Thb forest may or may not 
have its eoimtorpurl anywhere in the world of today; oovor- 

thcleas» it tniial have been much like the forest tlmt would develop on 
tite scnithem dope of a high mounUun on Uie present Gulf coast of 
the UniUNi States^ coiitd we hut conjure up a moiuitaiu in tlml region. 
Just as such a forest would have different kinds of pluiita growing at 
Bucoeadvdy higher levob, an it b probahlo that tim forest which clad 
tliO Uinta llange in tliat ancient epoch waa idea aoned occording to 
the altitude. Tosail loavest Qnwere, »ce»ia, and even pollen grume 
collected from the bottom deposiu of tho ancient Lake Uinta enable 
us to reconstruct the probable QonU rones of a landscape that tudated 
during tlie Eocene epoch more than 30 million yoaw ago. 

At the water’s edge grew bur rectla, rudies, water ntUfoils, and the 
fainilt&r purple-spiked pickerel wood. But uiwn the aliore and the 
wide flats a<ljaeent to it grew trees whose nearest relatives—japotdea, 
figs, and a variety of aromatic shrubs and trees—now live in the wartu- 
tentijerato parts of the eartli. Vines, very similar to if not identical 
with our modem grape, grew along with gourds, delicate climbiiig 
ferns, <ind tho loss invituig cat briors. Whore the bottom lands were 
sandy, palm leaves cast tlioir slatted sliadows on the ground. 

If we could have gone back through the swampy botlorui! we would 
have found, emoxig otlicrs, ndmusa trees iiiid trees n^lutcd to the 
cinnutuoii growing with a largo variety of fema and cvcrgroeti sliruhe. 
Pushing further into the drier footliills, we would have passed through 
woods of oak, maple, hirkory, and gum — woods naerly iadktingoish- 
nblc from tlie present hanlwood forests of tomperate North America. 
Higher up, piuo and beintock supplunted tJiose familiar hardwood 
Bpecim, and in tlio highest parts of thu range foreaLs of spruce and hr 
predominated. That the evergreen forceU were remote from tho 
ancient luke is attested hy the fact that only one seed and the lip of 
one twig of tliesc spedes have ever been dbeovemi in tlie lakedejwrits, 
though leaves of lewcr-aone types are found tiiore hy tlte hundreds. 
Nevertheless, furcBbi of piuo and spnico nourished; their former 
presencA is manifestcil by nu abundance in tlie loko depomts of their 
odd pollen grains, each of which is (lltctl witli tw'O bulging air sacka 
that aided it to float many mil«^ from the parent tree. 

Thu insects, too, rasambled rather closely lhoii>t> now living. Cad- 
dico-fliee, whose t&n'iie build about tJicir bodies Uula masonry houses 
of Band graius or well-joiiiftl “log*' hoibWi^ of tiny twigg, fretiucntcil 
the BliaUow water at the lake’s margin, together w4lli the more famil- 
iur dragon flics. Tho wobbly-legged crane fly whs there with his 
ditiiinutjvo cousins, the midges. Bseilcs, ciickota, and the homely 
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l^rafiatiopper wore coruBJon, but Li thoro woro buiterfLies nn*! moths 
tboy tiavo loft no Lraco. AnTim ik coming to the lake shore must 
have found it e diaagreMible axpeiinnoe, for there th^' mot clouds of 
mosquitos, block Bias ond gnats, and larger flies that bit eovagely. 
Spiders and the lowly cockroodi htivo bean found, and even one mite, 
wbicbj itictdenUdly, has the distiortioa of beiag Uto most imciiint mite 
in North America—iimorica'o oldest Ioujm*, if you will. 

Crocodiico aliore^i with various Hvor turtles the siuggish poHii of the 
streanio near tlto lake. Land tortoUoa, rivaling In size the famous ones 
from ihd Galapagos lalftnds, plodded throueh tlie sandy lowlands. 
Soskea, too, there were; ioileeil, tlio nioBt nearly perfect fossil sooko 
over found in tiie Western Ilemiaphero came from those lako bods. 
Water birtb, like the loons, asndpipors, and roils, must have been nu< 
Rioious, for improBfiiona of fea titers are common on the slaba of rock 
that were once mud flats bordering the lake. Of the biixls tbeniselvea 
we know neat to uotlung—fossil birds are mruo aves indeed. Oddly 
enough, howevor, the one remarkably fine fpsii bird that has boott 
found in these lake beds WfW ft native of the uplands diralar to our 
ruiletJ grouse. 

Despite the motltun aspect of the forest UiuL cniui-clecl ancient Ltiko 
Din la, the worm-blooiliHl matuinala that lived tn it were decidedly 
strange. Particularly striking was die anceetor of the modern horso, 
for i1 stood no higher at tlio withers Ilian on Airedale ])up. Its bock 
arcbtHl somow'hat, and instead of one bool to the fool it hod four slnndor 
hoofa on each front foot and three on each hind foot. These hoofe, 
however, bore less of the ftnimol's weight than did a pad at the base 
of the toes. The teeth of thia ptindtiro horse, unlike those of its 
mmleni descendant, wrore adaptoil to feeding upon leaves and soft, 
luah pfonls, for (ho West at that time was green wilh forest and 
meadow. Only tlirough the following nuUioos of years did it bocoiuc 
the semiorid region that we know today. 

A fisherman peering iluwu through tlio clear tvator to sou what man» 
oer of lish there were among the pond weeds a'ould not have been dis*- 
appointed. Perch and other freah-wator fish mhabited the weedy 
bays, but Ihoy were greatly outnumbered by vane Ilea of horring. To* 
day, most boning live in the seu, ihougti a few go op rivers to spawn 
and a few others live in rivets. Thirty million yearn ago more varie¬ 
ties apparently w'Out into fresh water to spawn, for those found as 
foasUs are of two sizes—fry tliat had not long left tlio spawning ground 
and adults that bad presumably retitrned from tho seo to spawn. 
Least to bo cxpocted so far from Ihdr usual marine environment were 
the large sting rays. Tho occurrence of su many forms that spent 
part of tlidr lives in marino walor uupUcs LUnt for a long llias a per¬ 
ennial river ran fruin Lake Uinta to the sea, even though tho fsJeo was 
probably <HK) or 800 miles inlimd. So great a distance from tho sea 


284 ANNUAl* UEPOBT SatlTllSdNlAii* UJSTlTUTlON, Iffll 

would not liiiTo prfioliidod lutoimtgraUonj for ^nlmon aro known to 
travol more than S^flUO mites up iho Y iikon to spawn. 

IJ 

By tlic time Liike Uinla Lad become thus welt stocked with CsL it 
ivas a mature lake, for it liftil already been in existence more ilian a 
milUon years. Now os bikes gruo' old tbeyj like men, Acquire stores 
of worldly gooils, S(j it was will) Ijikc Uinta; os it Advortcerl in age 
its w*n tors became increosingly rich in foodstuds. And, like a henevo* 
tent TDOnsroh, the bike gave all ibii increasing wealth for the good of 
its BUbjoets—tbo varied and extensive aquatic jiopulatioij. 

Tbo life of (I poputuua lake is n. complex society, Ibe members of 
whicb ore inlardependent. Most clmontid are Ibe mkmflcopk plnnts 
and utiimab that float freely in the surface waters and derive iheir 
no Uriah men t and energy lUreclly from the sunlight and the dirsoked 
salts. Upon Uie abiinilunee of th^e minute creatures depends ibe 
very existence of other life in the eotninumty, for they are the ultimate 
soiireo of food. Successkely Ituger animals—the fairy shiinip, the 
water ilea, and the highly uiochatiixiKi wiiecl animalcules—feed upon 
them and in turn are fed upon by stnall fbb. 

At this mature stago of Lake Uinta tbesa tiny specks of life found 
1iiemi!«Ivcs iti s congenial environraent, wiierc food ahoutoled ami the 
temperature was most iigreeable. They hoiiriabe^l in the midst of 
plenty atid, late in the summer, when the wales' had hccti thoroughly 
warmed, literally took posaesaion of the lake, Tlicir numbers in- 
creaseti ut uTi as toon ding rate; they clouded the water, then turned it 
a fulvous green, and Qiiatly covered it wiih a greeu scum, wLich the 
wind parted itito lanes where the water might ripple again and reflect 
the blue of tlx? fiky. From beneath tills surface stratum, filleil with 
life, tliose organisms that had grown weaty' of the struggle for exist¬ 
ence floalttl gently downward luul uoiight rest in the quiet depths, So 
vast was the number of these wuary motes that, despite (heir micro- 
scopic sisc, they bulked largo in the f,)rfd volume of sediment (bat 
reached the Jake bottom. Indeed, these klo Eummer epidemica gave 
rise each year to a dietlnci dark layer nf o[]giiiuc substaneo. It was 
partly by mciuis of these organic layers Hint tJic ancient lake rccordleti 
Uie passing of the years. But tliero wonbl have hoeu niitliiug to mark 
one layer off from unolber formed the following year or tbo year be¬ 
fore, if it had not been for u ilifTerent kind of sediment, wldeh accumu¬ 
lated mure or lo^ couUiinciiisJy throughout the year. 

Streams brought to the lake not ojtly fine mbiertj porticlca in 
suspenainn but also the elatneiits of other niincmls in iiolutioii. Tliim 
particles that rode in on ilie etreania' lurhuleHro found iiothing 
buoyant in the quiet lolto ami hence soHled placidly to the bottom. 
But Uio eleniwits in etdulion were dispersect (broUEh the wiiole water 
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bodj* Aiidf undor tho iiiflue<rir4! of tJie Sim's ^nrintj] and tha brcatluDi? 
of niinuta piftiits, combined with ofhoj clomente in form tinj wliiin 
Ikckfl uf muioml—particles of limo carbonate. Thew settled to the 
bottom OS a pciiQe rain Uio year around, but mnsi plentifully in tint 
cnrly Eummer, and formed a liplit-oolored gtanulor deposit that sepa*' 
rutsd tlm dark orpinic layers from, one anoUier. Thus, because tlx* 
dark organic layers were formed at a certain lime each year anil 
because the oiganic mutter was then iibundaut enough to mask nut 
ihe li[dit-color^ particles, each dark layer lold off die piiseaga of a 
your* 

Tie ancient laltn coniinued to servo as an imnual calendar in this 
manner for Uiousonds and tlioUKaiida of years, intcmipted only at 
long uitervidH by a full of volcanic ash or by a storm of rwiraordinary 
vigor that stirred even the ileep ItottoiiU!, The layered dopoait was 
tiUimntcly changed into rock, but the tliin velvety dark bands still 
stand out sharply from tbs light-bulT matrix. These laysm are very 
ibin—about 150 of tliem to the inrh. This means tlmt it required 
about l,Sno years for enough miitoria] to accumulate on the bottom 
of (be ancient lake to mako a slab of rock 1 foot thick. As might be 
expected, the varieties of rock (HfifiBisttng of ths coarser mineral 
particles were built up soniawimt wore rapidly than this, ftdd the 
finar-giaiiied rocka, those consisting predommauLly of organic eub- 
staiico, tnucU more slowly. The mcosuroil rates of acotimulnlion 
range from 250 to 8,200 years to Uie foot. By applying the mta at 
wtiicb each land of sediment accumulated to tlio quantity of that 
kind of sediment throughout the body of inaUnrial deposited in Lake 
Uinta it has been possible to estimnle lliat the lake was m existence 
approxinmtelT 7,500,000 years. In this long period evolution had 
time to nun old some of tltp more Impreosionablo races of animals 
living in die noiglilrorhood. For inatance, ancestors of the horse 
family that lived at about tbo time Lake Uinlii vaniithed were lorger 
and h(nl notably better grinding teeth than their fombOHD dial lived 
just lieforo the lake camo into o.xistence; moreover, in that mtervol 
evoliitiou also altered somewhat the design of their toes. 

In llio record which the ancient, lake kept year by year, w’e find the 
sitggesdoii (bat the lake’s volunio awl temperature varied in sym¬ 
pathy with the changing face of the sun—tlml L-?, with tho nutnbor of 
aui>M}>ot8. Admittedly tliis correlation is no more Uiaii a Btiggeslion, 
yet thi’ne is o fairly sound IhooretkAl bads for believing it to be real. 
Foregoing all effort to explain the steps, we may present tlio argu- 
moiiL in its briefest form somowbat us follows: Sunspots ate must 
numerous at mtcrvals of about evoty 11 yearn, and tlniso cycles 
signify changes in the amount of radian l cneigy that the aun emits. 
It has Iteen obmirved that ihe levels of lakes which lose most of tlidr 
water by evapomtion and relatively little by overllow show a much 
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rlowr Tejfition to the numbei of su&spotfi than to rainfiUl; in gtmem!, 
tii« fewer tho sunspots the low'er the take level. Lake Uintq st this 
Iitui no outlet and lest much of its water by evspora(jon— 
Utcrefore U must have Usd such a cyclic Suctualion of level* Kext, 
in ^nem) the tcmi>orsiure of lake water risee ns the lake goes dohii, 
and tlie higher tumporaturo fsvom the growth »f the minutt* surfare- 
rlwelUtig otgaittams and aUo the precipitation of particles of time 
carhounte. This gives a further check citt the encietit coaditbns, for 
iti the doposits of Ijiiko Uitita the layers of orgaoic eubalsnce and 
lime carUotioto differ in thickues from year to year and show uuudina 
at intervals Uiat average about u years. Similar cyclic variations 
have hern observed m the ihickncsa of ammal layers formed in modem 
lahss. It is also a suggestive fact that the annual rings of treea that 
grew around Lake Uinta show even bettor the same li^yaar cycle, 
just like ttie growth rings m moilern trees. 

Much longer cycles, whose average length woo about 21,000 years, 
ore also recorded in tho deposits of Lake Uinta. By a aomowhat 
more involvtxl line of roosoniug ivo are led to think that these observed 
variatioDs in tho lake depoalte may be correiated with the rcsultatit 
uf two astroncimic cycles—the change in eccentricity of the earthV 
orbit and the pFeccerinu of Lite equinoxes. It remaitiit to be scan 
whether thcee and oUier eomparahlo cyclic variatktna in tho ctimnto 
of (he past can over he used by meteorologista in their teBsearchea 
into secular changes of dlniBtc. 


m 

Lake Uinta and the aurroimdmg conn try aide did not always present 
a picture of smilinir beauty, with forests and green meadows. Instond 
during the later half of its existonca death and starvation laid heavy 
hands upon the conununity. From time to time polUd blankets of 
volcanic nsli descended upon it and snuffed out the life. Animals 
tmd plants alike were smothorod, and the strenms were clo^^ed with 
tho harsh mud. Gradually, na rains washed off tho elopoo, tho forest 
rcjiciwod its growth and animals again sought its sLejtor. But it 
was to no purpose, for again and yot again at long intorvids the 
volcnuoes in the ncighboriag mountain chaiits belched forth devas¬ 
tating clouds of putniceous ash. 

As if thoso rocurront disostors were nut enough, tho raina came teas 
frequently: Iho voiy lifo-giving aourcc of moisture hognn gradually 
■ml aureJy to dry up. Under the pitiless summer sun the tnom tusii 
plants withered and finally gave up, wtauy of waiting for tho rain. 
Animals wandemi away In scareh of wator. 

The lake, too, suffer^. For a long time It overflowed only during 
tho cooler rainy season, hut as the years passed the thirsty air drf'W 
tnoro and more greedily from its surface until finally even at tho 
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lufirhest etogo Lbe wuter noiild Dot nunch t!t$ outlet. Thereof tor l.«nko 
Uinto fliicttiatwl greatly in size vilb ttiu cluijigini: seasons un<l wilb 
ovary aliai^e in tliv wentlier, for a lake tUot Ims no outlet and loses 
by avaporation as much it receives >a BStraniely rospomdvo to alight 
varukUone in ntmosplteric eonditioiis. As the water level varied, it 
alternately Uoodod and loft boro wide espanses of lauH. Upon these 
wet mud llote scores of fish were atmnded and Hopped ttniil they 
sliHenod in the sun. Inso&ts, doitsled by the roflocted glare fro in tlio 
wet mud, a%bted only to have their wings and foei «;aught in the 
drving aurfAOo Hint, the water level rose agam, perhaps only 

by reftfion of on onshore wiml that puahod a thin sheet of water far 
up over tlio nearly levol botUim, both Dsh and inscota w'ero sealed 
bencatli A new layer of mud and so wore ptoaerved and mode part 
of tlie enduring record. 

As the hike rctreotod from ita former shores it ooucentrated into 
Hjuallei compass the community of limg things that had formerly 
ucenpied a more spaciomt domain. The water was proportionately 
enriclietf in dissolved foodsLufTs, and the density of tfao population 
increased mauyJotd, But conditions gradually become bo congested 
that m&ny forma weru unable to survive. Thoir ploce, however, 
was imim^iately token by a host of otlier oj^oiusnifi better filled to 
endure the foul envirotimont. Indeed, after thousands ol yaora of 
stow dwindling I^e Uinta finally herame, at its lowest ebb, a tndy 
horrid tiling great fcatoriiig abscess breathing its stench into the 
aliinimcritig autumei heat. The water becuino bitter with salt, and 
die decaying organic tnaterial in the shallowest places seethed with 
fiv maggote as tliey fed upon it. How abundant those maggots wore 
is ptuMy told by the fact tliat layer after layer of them was buried, 
and today itieir overlapping llattoned bodies make eoutinuouB paper¬ 
like layers in the thinly laininutod rock that was once tho lake-bottom 
mud. 

This lowest stage in tho history' of Lake Uinta Indira tea that die 
dimatc hud chiutged from fairly humid to arid. Tho lake repeatedly 
deposited salt eryattdi! along its shores and in the wet mud, hut never 
w'ons its waters 90 connentrsted that coatinuouB beds of salt were laid 
doivn. As shown by the annual layers tlie salt ciystub formed only, 
at intervals of about yearsj whicli indicates that the water level 
even then rose and fell through a consiilerable range as the rates of 
supply and ovaporation varied. 

Wl'iilo I^ake Uinta had no outlet and lU level woe prevatlingly low 
the organisrnfl tivwl in so great pm fusion tliat their reiuoins accumu- 
lateil on the button almost to the exetualou of anythitig clso. But 
that dm lurtterisl endured bug wujugb to bo covered oiid so preserved 
mnurwi that it won a race with ii host of bactoria and other Bcavcuging 
hordes eager to destroy it, In tliat race, however, it suffered portiul 
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ilecciy; the bidivklual organisms lost thftir identity and inelted iiway 
in to a jelly like which Pm ally became so charged witli ihe toxic 

productB of decay that it becajne in tolerable even to bacteria. Wbau 
dfii'ay himliy ceu^odi the oo?.a becaiiie on excelletit preserYativa, 
protecting frcnii decay tJhc delicate pbmta and axiimd3 that it acci¬ 
dentally entombed. As Uje organic ooj^ or gel was covered by suc¬ 
cessive layers and finally by tbonsiands of feet of Hedinient it was 
compressed and gradually luirdcncd into a dense aubatanee resemblidg 
bard rubber. Geologists have examined this material under the 
microscope by grinding small pieces so thin as to be readily CTansluccnL. 
These Lliin plates of rock, smbibly mounted on glass fdides, show not 
only linejy preserveti nucrunrganknis but in aildrtinn an tnld aasort- 
inenL of wreckage, inttuding Uie eyes of tiny iDsceta^ apatuhite scales 
from mcnjquitoes^ wiuga, and an abundanco of poHen gmina. When 
tbia liardencd organic sirbsUnco is hooted it yields a disdllule of crude 
oil from which may beobtiuned gasoline, fuel oil, and nJnuxI products. 
Ueneo this substance derive^l from iho former residents of the iincient 
lake is known as "oil shale^*. So jjlontifuJ were the microorgimisms 
and so long did Ijako Urnia persiat that its deposits now contuin locked 
up Ibe equi\^ent of more llian 70 hilUon barrak of crudB oil waiting 
to supply tlie Nation's needs when the eupply of petroleum from wella 
becomes inadequate. 

l&ke Uinta was blessed in its deciinitig years by a rnium to con¬ 
ditions more nearly like those that attended its youth sml iiiiddl^ 
life. Kefreshing rtiin lioartcpcd the forest to mako another &tandj 
and the gradually expanding Jake UnuUy purged itself by overdow'. 
riantii of the kinds that fared badly dunrig the protracted droughL 
gradually apread down from the hilk ami ro^miuxl dicir forruor luibi- 
lata. But 03 tlio stroaitts awello«l oml expaml&d the lake in tbia Qnal 
stage, they bmuglit wiili them an unwonted hunku of waste fruni the 
land—waste that had arcumulated during the dry epoch. Thus it 
cairtfi about tluit tbo lake was eummouly turbid antj c-ould ni>t fuovide, 
iia furmerly^ iho optimum cnviroiiment for an btimenso population. 

Moreover, iho jmuvo motivating force tliat brmjghl Lake Uinta 
into oxktence und that made pofisibl* its long life was bcgintiing to 
grow feeble. Thia force had been one of great [tukgnitiide, for it waa 
Lliis ilint Lad wurf^ed the crust of the earth gradually downwurii 
into tlie great bosln-ahupefl depregion wdiich tiiu Iqko occupied. 
And now ilmt this force wo* weakening the streams wore able to 
bring sand and silt into the kka a littlo mors rapidly than the down- 
wurping could make room for it. Hence tbu waUir tkoeumo more and 
muro almduw, and Blrcam-kid ileposits pushed ever farther anil farLlior 
out into tho haain unlil there rpmaiiied only h vast tilliivkl plain 
dntt4Hl mill swamps and small jmiids. TJir strvMtiiis tlnii Imd so long 
paid Irihuce to Uiko Uintu fiaiiUy ovarwhehiieii it itud brought its 
rule to an cndH 
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GESaf-^liAL CON&IDBHATIONS 

Wattf in rctotion phy^iad j}rocesst3.—ln tbo pbjaieiil and biu^ 
to^cal e^Qlution tbat hai^ t^tken phce on th^ face of the cartli^ ^at^r 
baa bad a unique (unction as the pHncipiil vcUcLa for tba ol 

miiU4^ and energy. It appears tlmt nH evolutionp wbethar pliyaical or 
biological^ requires^ on tbe one iiaodp E^idTioieni rigidity to supply a 
degree of stebiiity and perirmnoncoi and on Lho other bnnd| i^uiSoieitt 
fluidity or plasticity Ui pormit more or less grAdtiul ebaitge En re^ponae 
to applied energy, In ttm physical eYolntioa of the earth tlioro have 
boon two major oomplementary processes. One has been the repealed 
miaing of parts of t^be solid exterior of the earth to eonsidarnble eJeva- 
tiona above aea level tUroiigb defonimtion and tbe iniruHion or 
exbruflioa of fluid or plaatic rock material: ibo oUter has been Ibe 
reduction and modificatiou of tbe raised partaj chkWy^ libough not 
exdusivdy^ Mirough the agency of the wnter acting in ita role the 
transporter of matter and energy, Thus the development of the geo¬ 
logic structure of tbe outer port of the earth and the creuUun and 
re-creation of the bmd areas in all their chamcteriBtic detnili have been 
aecomplkhed chiefly because the earth la surfidaUy rigid but funila- 
mcalally plaatiCi and becaueo there is a supply of water which haa 
served aa the principal agent in mocbanlenl weathering, oa the r-arrier 
of oxygen and otJier elenivitita that are active in ubemical wcatbiTUig, 
and as the imosportor of tbe weathered matorixiU in euspeurion or 
solution with subsequent deposition of these caateriaJs and forming 
of tho Bodimentary depoaSts* 

Although tlie poet may regard mountains iho symbol of eternal 
penmuicmee, the gcologb$t knows that ibey are epbemcral features 
wbich stand juivjeaticjilly for but a brief poriud, only io disappear 
under the eroaiva work of lltc water. To the geologist the work of Ihe 
water is aim 054 1 eveo'where in etddonco—La tlio sculpture of the land, 
in the character of the soil and aiibBoil, in the vast succcfisbn of aedl- 

< ^ Ui* tvOfliw pivMBit df III* A£»rt«inf a( &Snfiit glUtftrM Juraarf tl, IW. 
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mentary fonuntioiis will) their nijnion>uB unconrorniUlee witne^-inji; 
to repeated eycleji of uplift and eroiaoti, in lUe texliire of the roeks, 
and even In tliu raineral dciKisita wUhm the nteks. 

U aiir in rrfatian to iijt. —The work of water is no leas eTiiient in the 
evohitinu of tUo plant ntid aniiiial kingilnnis. The Cninbrian strain 
contain llie record of abundant luorine life. In llie half billion veore 
f hnt have elapsed, since the Canibruni period, both plant and animal 
kingdoms have mideigoiio Test evolution, with extensive atul effoclivo 
adaptation for life on the land and oven in tho most- arid regions. 
However, in this lo^ process of radical adaptation to different 
environmciits, no species of plant nr animal has caesped from the fnndfl' 
mental requirement of n water supply in order to crariy on its life 
processes. Deprived of water, all plants and nulmaJs would perisli. 
Deprived of water, the human race, w'tth all its thought and emotion 
ami spiritunt aaplratJotij would Come to prompt oblivion, 

When eonsidorntion is given to tho narrow range of tomporatviro 
end other conditions that are required to provide n iililbiable supply 
of water to living rrcaturcs, it seems evident that reliitivcly few 
heavenly bodies are adapted to supperI. Ufe as it is known to its. 
NovertholeiiSt ift the inconceivahly large multitude of heavenly bodies 
Uicro may be, in the nggregate, many Umt have the proper ronditiona 
for a water supply imil that support living creatures comparable with 
those tliat exifil On tliis eartjj, or that existed in tJie Cambrion period, 
or that will exist in ages yet to fomc. ,\foreover, it seems reasonable 
to believe that, ihero is a spiritual charactnj to the uiiivcrao w'hich liaa 
tt reality and means of expression that arc not limited by the special 
physical conditions found on this earth. Rut, however bciduntiU 
water may he in the uitEuiate pkn of the universe, for life on our own 
earth its need is fundamental and luescapalde. 

As the plant and imimnl kingdoms moved in large part from the 
sea to the luiiil, radka] adaptations to their chunginl water supplv 
reauited. Thua it liecame ncccssuiry for both the land plants and the 
land ftuinmla to adept tiieiiisvlvca to the use of freah water itistoad of 
salt water, and this adaptalion has become so thorough that now salt 
water means death to nearly idl Und life. Thus also wss devdopcil 
the coiistant-tempcfaium adaptation of the wann-blcK.»Heil Hnimolp, 
ojKiarctI by means of water acting as the medium for transporting 
anergj' in tha form of heat, and this has led to parental cure add pro¬ 
longed adolescence, and ultimately to the fruition of tniellectiial and 
sociid evolution in the liiiinau race. 

Vrnfci- in rtlaiUttt to humnn nctujfwi.—With advancing civilir>alion 
the human race liiis found walcr to he a most nonvenient substance 
for a large and ever etUurging list of uses. Indeed, its several proper¬ 
ties, such AS its eolvcnl jiTopertics, its high specific beat, itA occurrence 
in tho solid, liquid, and gnacoua states wi thin couvenienl Icmporaturo 
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idt^TTAls md with high l&lont heal In passiug Imm Pae ^tute to nn- 
otheTi limd fcUi^Jiiselves so reniftrkably to iho uopits of eiTiim'd mnn 
m his multhudmous domestio nsd iuduEitriBl opera t-ionSf reercatiooRl 
solivitiesp muI tlierApoiitio AppIicatioRs timt it ^ 1^1118 if lime prop^ 
ertiM liad b^o jirovidcRtljilly dt^syfued for ihe benefit of man. It. is 
ftfl JnteresUfig exercise lo make a list of tlio uses to wiiteh water is 
pul by niRO, iiiany of which rox* analogous to tlio pliypiologicnl uaep 
of watix by living organuimsi m for e^nniplc* (lie eonvnyfttice uml 
storage of niaterlnl etiid energji oft^ii wil!i rcsnllAnt fliemieui cUniigeSt 
the regtibtioo of iemperatnrop tmd Uu> clinunation of wusto. 1% will 
bo noted thul in mo8t of lliese usee, water serves as t]io vohlcle for 
coiiv^djjg pitber matter or energy, [t is not surprising that water 
has acquired a unique religious eigniBenuce o;s the symbolj In the rite 
of baptism^ of sij^iritukl cloansmg ami rcgencrtirion by tbe wa&hini; 
away of aU sin- 

The avornge |)or capita consumption of water in tbe citias and 
towns of Llio United States luiiounts to mure tlian 100 gallons & day. 
Some of ibis w^ater h wasted but most of Jt is used for betiorirlaJ pur- 
p<}$e$. tn tVtu future the volume eo used will bo Increased and new 
u^es will be developed. Tbus^ the rapid o<ivatico in air conditioning 
of buildings is producing an almost alarming im^roaso in tbe domand 
upon our public water suppltee- U may tliorcforo bo expected thuti 
oven with roduciion in waste, the consumption of water will increase 
with sdvMicmg ehilnsation. One of the tnity groat. achievoTnonu 0 / 
ciTiUicd niun ta that of proviJingp Tor human ma, abumlonlp con- 
venientp mid reiiitbla fuppJies of water of good quality. 1mlnodp tho 
imp rove moiu of tin? quiilily of tlie water suppltc?s has been a majflr 
factor in increu-?ing I lie average lengib of humitn JIfe. However^ cm- 
aidcring the less advanced countries of the world end the rural seo 
tions o( our countryi it ts evident tliut tbe task is still for from 
being completed. 

Th€ uliiv\ai€ wnier —^The great residual reservoir of water 

is tlie ocean I whieb eon tains all except a Email perceniage of tbe 
extemal water of the earth, tlie rest being on the surface of tlie land^ 
or in tho interatioas of the ihiJI and rooksp or in the atmOEpliere. It h 
nece33ajy in distinguiah between the o^termd and the intomal wator* 
for there is cvidanco i.lmt water is one of the constituents of tho 
magma that forms the interior of the eartlij and the total quantity 
of this inteind magmatic water nmy bo very great. The auppEy of 
external w'Atcr h apparently being augmented by t-ho extnision of in-- 
lemoJ water and possibly by acquisition from outer space. There 
are also proeeasos in operatiou wbicb r&Iease water from elieniieol 
combination^ but these nre compensated more or less by processes 
wbicb iit^ up aumo of tlie exulting extomal water. Any attempt to 
evaluate these sovcfal. processes would be quite academie. It appoara 
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til Hi liny whit^h may hare oerurratl in thfi total ({tJantitj of 

pxtcmal water hope Dot had cffecta of tnalor imporianco within tho 
periwl of deiiaito geologic record. [I also appears that no chatign 
ftie in prospect thnt will afTeot appreciably the fuluro affaiiv of man. 
Altliough the total quantity of external water htia apparently not 
changed atgnificantly, fluctuations In eea level, probably due to other 
ciusee, bavo been of primary importance tliroughout geologic history, 
indnding relatively recent lime, Indeed, many of the large cJtiea of 
the eartlj are at prei^L aituatod bdow the levels of Etracdu that have 
been washed by the sea since the human race began to live on the 
earth. 

Th* hydrologic cycle . — The water that ie of principal concern to man 
is the land water — the water in the lakes and ponds and in the brooks 
and rivers, Cbe water that forma the soil moisturo, the water in the 
rocks Lhat supplies the springs and atreama and wrUs. Any natural 
or arlificial cliango that mcreasee Itio supply of land water where it 
is needed, eliminates it where it is deatmetive, improves its quality, 
or increases its svailabtlity is a distinct human gain; any change In 
the opposite riirection is human impoveruthmont. 

The land water is not a stationary supply but forms s part of an 
ever-recurring circulation of groat complexity and variation, which is 
known as tbe hydrologic cycle. The prime mover hi this cyelo Is the 
sun, which, in Uie last analysis, furni^ea the energy tlmt evaporatea 
water from Ifae sea and convoys it us vapor to higher etevatione on 
the laud, where it is precipitated, chiefly us enow or rain, with poten¬ 
tial energy tliiit temls, throtigh the force of gravi^, to carry it back 
to the sea. The eolnr energy is also applied in causing evaporation 
from the lakes, ponds, swamps, and streams, from tbo liuid aurface, 
from objects on the surface, from the soil, and, by transpiration, from 
tile leaves of growing plants, including the native and cultivated trees, 
shrubs, and herbs. Indeed, the recortla of precipitation and run-off 
show that only about a third of tlie water that falls an rain or snow 
in Uju Uiiiterl States raaches tlio sea aa run-off—about otie-half in 
the eastern part of the country, only a small percentage on the Great 
Plains, and none in the Groat Basin. 

[n its return course, tlie water llowa over the land eurfacs and 
through the atroara channola and percolates through the intcfsticoa of 
the soli and the water-bearing formations. In its courae it performs 
work of groat variety, some of which is beneficial and some injurious 
to man , and much of w'hich has lieen titodifieil for better or worse by 
the Lntdligcnt or unintelligent activities of civilized man. 

Thus lha hydrologic cycle conaisia of two pbasos—one phase iuclud- 
mg evaporation, atmwpherie movement of the water vapor, and ulti¬ 
mately its condensation and precipitalron upon the land; the other 
phase induding the movement and temporary storage of the preoipi- 
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t&ted u{)ou i>r unUer Lhe l&nd Hurraoo wliil« ou iti» way to tlie 

eea or to fHiints of ro-evAporotion on tlip IcuitL BotL pliaMS aro V4<ry 
complictitod* 

FinST PKASE OF THE BY'DilOLOGlC CYCLE 

JtvctvatioM tft AitniKfi/y aiwf (tridi'/jf.—Lot us coiiAulor llie 
first of IbcBo two phiujos of the hydrologlo cycle. 'Flir? tcmu atidity 
and ae l!io opposite of unirf'ifj/, lu^ difficult to dcfuto in pro* 

ci« terms. In a widely ncccptod wiise, bowoFer, lUo term aridUy 
relAtoa to tito delicietucy of the ptocipiLstion in u given srea for tho 
tiormai growtli of mesopliytic vogeUtion that is otlierwUa adapted 
to the conditions of tliat area. In this eensG the aridity of au oroa » 
intensified Uy dotresse in the muoimt of predpilation and abt> by 
increase in the eveporativity of the area—timt is, in the tKitentiul 
rate of evatroration. Both precipitation and evaporativity vary radi¬ 
cally from place to place and from timo to time, largely because of 
tempomturo variationB, which ere produced hy a complex of different 
causes. 

The geologic record, eovoriog some hundreds of millions of ycora, 
seems lo show that long ages of rolatively warm tmd equable climate, 
perhaps with a general tendency toward aridiityi were at several times 
interrupted by shorter periods of more variable climate including 
some cold, humid etages. The latest ol tbesfl variable periods began, 
perhaps a tnillion years ago, with the first of tlie Qoaiertiaty gluchd 
stages and is apparently still in progroea. The geologic record dmws 
that the Quaiemary, and perhaps also older periods of the same stirt 
consisted of several major glacial a Lagos oltenmtiug with distinct 
intorgluclol stages, and that tlic glacial stages, or at least tho last one, 
conabtod of two or more substnges involving cotiindemble climatic 
fluctuations. The groater humidity of ilia glacial stages was in luige 
part caused by decrease in evaporation. From biological e videnco and 
tlifl Gvidonce of marine terrocoa, it npjJoarB that we are at present Ui 
art inioiuiodiate poaiduti, having receded only part of the way from 
the hat glacial atogo. From mtensive study of geologic, archeological, 
and liLstorical records it is, howoveri ovidotit that recoul time has not 
consisted of a gradual ciiange from glacial to inlerglacial condidotifl, 
but rather of complicated fluctuations of cliioeie, in t>art n*giomd 
rather than world-wide, between periods tlmt were more liumid and 
periods that wore more arid than tlio present. 

ATI about us wc liavo Impresdve ovidcnca of climatic change, HUch 
ae the groat shoots of glaci^ drift and trains of outwash gravel, tlie 
scores of desiccated or partly desiccated lakes, indudmg the extensive 
Xjakes Iloimcvillo and LalmntaQj anil tho greet mouUo of lutes or 
wind-blown sUt that coveni much of the interior of ihie counto’ 
is largely responsiblo for its great fertility. Liooking more doeely at 


296 UKI'OHT 5tMITtlS(>S'lAN' INtynXLTIOX, HWT 

tbo evidence of Aiictuations funnebeil by exUiing lakes, prlaciens, Lreo 
rings, etc,, end lire nvull&blo records of niotisured precipitA tiou imd 
stream How, we stand impressoil by tbe great and irregular cJituatic 
vnrintion& of the iiiiinedinto past. 

Tima ui the end of the dtsaslroiis drought year til 11136 , we in tliis 
country look into tbo futuro somewlint bewildered and almost afraJd, 
tbo more so because wo recognize that much of the pruduntive part 
ol our country is not very far from the margin of semtaiidity. iVo 
must frankly admit that in spjto of all our investigation wo do not 
know" in which direction we are trending—toward greater humidity 
or more severe droughU—in the «msuing year, dvCHde, or century. 
We can, how ever, make aoine predictions, which are in part reassuring 
and in part otiierwtse. It b virtudly certain that drought conditions 
are not pcrjnonent hut wiU be followed by years of abundant rainfall 
and bounteous crops; on the otjier hand, it is aluiosl equally certain 
tliat the recent droughts are not abnormal but that b tlio course of 
lime other droughts of equal aud eveu greater seventy nmy be 
exiiectcd. 

It is believed tliat the climaiic fluctuations of tlia past have been 
tlie underlybg cause of much turmoil b liunmu Idstoiy. But it is 
significant that I tie human race has not only managed to live through 
the limes of tlrought and tlie btorvening cold and wet times, hut oiw 
that it has had its notable evnlutioii tii this Quaternary peiiod of 
strongly lluctuatmg climate. The climate of tho present, as the 
climate of dio past, challenges man to greater uHort and achievement. 

Tkt. infiuenct of ariificuil change* viitm pneipitatian .-— 

When, during periods of wet yeore, tho settlers moved into Uic re mi- 
arid region of our country and found to their delight that tJiey could 
mire good eroira, they fomlly dovetofied Ui« faith that rmnfal] followa 
the plow*. Now, ttfter a series of yearn of drought and crop failure this 
faith has been sorely tried; and we are tormented witli the fear that 
on account of the acta of man m plowing and draining, our country 
is raplilty beconiing a desert. In tho jnorence of euch bteii.re public 
concern it is difficult to mabUm a wdiolly judickl ottitude. It Ls 
rea.'ionublo to expect that Huelualions in humidity Midi as are known 
to liave charei'tenred tho past, shottld also ocenr, through wholly 
nattirol causes, in Uio present and futuro. This logical inference, how' 
ever, docs not afford any noiison for ossnmmg that tho veiy extensive 
and radical clianges which have been made by the white incu on the 
faco of our country h&vo produced no effects toward greater lumudity 
or aridity. Neither may it bo asjumied that such effecta can lie of no 
practical consequenco if they are obscured by uuttirul llucttnitium. 

If the average annual coutrilnition to the precipitatioii upon a 
continent from water evaporated out of the eea remains tbo Home, 
then the drnJiiagt* of swainpa should reduce the average annual pro- 
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cipitation because sotn^s of the water that would normally 

be ova pom ted and repradpimted k drained nwaj into tho sea. On tlio 
other liendj the divomon of wat<!T from streams that jlow into the 
lyf^n and the use of thk w'aiar for irri^don ehoulcl tend to mcreaw the 
precipitation. Nforeover^ any changes incident to cultivaling and 
cropping iho land or to gra^cing the land filioidd decrcaao or incrcasa 
the precipitation according aa they increase or deeraasc tha nin-ofT 
into tite eea. It is generalljr' beiieve<) that these ardfirially prodticod 
changes in rnn-ofT cannot Iw quantitatively compcl^nl to produce 
appreciable changes in precipitation. ilowTver, it is pertmout to in¬ 
quire whether they may have dgnificant effects in some critical rureas. 
It Avould seem that tho subject deaerres serious invo^Ugalion. 

SECOND PHARE OF TRE JjyDROLOGlC CVCLH 

Return jlow aj?d ffompr m rotiU .— The other phaee of the hydrologic 
cycle conaists of the flow of the precipitated water toward riie sea or 
toward placca of reCTaporation from the brul^ and its storage en 
route, chiefly es ice and enow^ as surface water in the lakes, ponds, 
and swamps, ns inoiaturc held by fnolccular aUracUon in the soil, and 
oa groimd water in lUe anbterrancati reaervoins formed by the porous 
rocks. To the extent that tlio storage faciliUcs ara inadequate, the 
precipitated water is rapidly diachejgcd into tiie sea tlirougU the 
naluraJ drainage cbannela os direct run-off. Thk direct nm-of! U of 
litlle value to man and it produces most of the destructive floods and 
most of the deEtruclivp erosion and Eodhneniation. If there were no 
natural storage facilitiea there would he virtually no springs^ no 
perennial st roams^ and m trace, grass^ or empSi and all stream chan¬ 
nals would be subject lostidden and violent doodf. 

Near the close of ihe imi ccistury it became evideid in tlik countiy 
that accurate continuous records of stream flow were cssenLial for 
efficient utilisation of tho water resources and for effective flood con* 
irol. Silica that tune a largo amount of systemalEc stream gaging has 
been done, with accuracy increasing from year to year. Iniensive 
studies have idso bcim made to differeuliala lictwocu tho diroct run¬ 
off and the run*off derived from Uie several kmib of atorage, end to 
dfiterndno the taws of each and tbeir rdation to precipitation. In some 
of the coastal n^ons large quantities of ground waiter uio also db- 
charged into the eea without oppearing at the surface^ such dischatge 
being controlled by the geologic structure, iho panueability of the 
watGT-boaring formations, and tlio buJance between the head of t!ic 
ground water and tJje back pressure of the heavier sea water. 

Civilised man has niiide a no table achievement by Bupplemcntiog 
the naturuJ stofage facfljtics with many artiffeial ri-^cr^^oiraf both 
great and smidl. Unfortuniitely, thiB achlevcmont is likely to prove 
substantial in the long run than b popnlarly supposed, chiefly 
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faficauf* of tlie rapid accumuiation of eedimcnt brought to the reser* 
voira by ttia turbid waters of the direct nin-off. Much careful study 
liaa already been given ant! much mom U aceded to determino tbo 
mteo of EUKlinicntHtioQ under dKTcrent condittuus and to dcrviaa fea- 
Biblo methods of prolonging the Ufo of n^rvoim by bypaming the 
most turbid wntersj by aluicing out the sediments, or by otbor means. 
Mucb progress has recently boon made in tbo appreciation of the 
grout vuluo of the natural storage faciiilica and the importance of coa- 
eerving and utiliaiug theni. Tlie whole complex subject olTords u large 
field for future study aud cooBtrictive effort. 

let and anote fforufra.—ice and snow have recently come Into the 
scientific limeUgbt in different ways. One of Lheae relates to the tn- 
tercet of gcologiste in the relation of the Quaternary and oldi>r glacial 
stages to fluctuations of sea level end to tlie cyclic eharseter of somo 
of the strut Hied rocks of maiino origiu. Thus it bt now* l>elievcd that 
in fiome of the glucial stages enough water was looked up as glacial 
ice to depress the sea level as much as several hundred feet, and that, 
on tltp Ollier hand, itisny of the ancient sea terraces, sudi as occur 
on tho Atlantic end Gulf Const el Piuin, were formed during inter¬ 
glacial stages when there was evou less ice than at present. It lias t»een 
estimated that if all the ice tlial exists at present in ttm polar regions 
were melted it would raiao the sea levid at least 1 (HI feet and perluips 
200 feet or more. Tlie advance and retreat of existing European gla¬ 
ciers Imvo long been recorded, but- systematic observations on North 
American glaciers have only recently been undertaken. Interest in 
snow rdates cltiefly to tlie snow in ihe mountains, which supports the 
summer flow of many etreanu, and to recently dovdoped msUiods of 
estimating tho ennnal snowfall and prodictmg tho resultant stream 
flow. 

Stwa^t of toafer I'n /fie «(»/.“A soil may be regarded as a water 
reservoir, Its water bdr^ in the form of moisture adhering to the soil 
partides, Thb water ia under compUcaUal atrossea produced by eom- 
blnationa of tlie molecular aItraction of the soil, tho downwertl pull 
of gravity, the ebsorplivQ energy of tho plants, and tho enoigy in¬ 
volved in tlio relation Iwtweon tho soil moisture end the Atmospheric 
vapor, The slow movements of the soil mobturo in response to theso 
stresses ere of much importance in plant growth and in rod large of 
the waters bearing fommtiona, and tlioy Ijeve properly been the sub¬ 
ject of much study. 

The valiiL' of a soil for proilueing crops depeuda largely on its 
eapadty to hold water supjjly against the pull of gravity and yet 
to ytdd this retaineil water to the roots of the plants. A dean dutio 
sand retains so little water that even in a humid region it may aupport 
only cactus and other d rough toresistont pi ants j on the other band, a 
day BUil has a large water-retaining capadly but may bold moat of 
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its wBler ia dead Btorti^ve insofar os tho roots of tiie plauts aro coo- 
cemcd, Bot¥i*Oim thaso extremes are Lhe productive sods of inter' 
mediate texture, such as tUe ioams formed from tUe loras, which hold 
eonaidersblc water against tJne pull of gravity luid jicld it froeiy to 
the plants. 

Drj-farming mothoda csoiisist largely in utUizuig tiiv reservoir 
capacity of a soil by storing in it the rain ami snow water of one or 
more years and making it available to a crop that is grtiwn in a much 
shorter period. Unfortunatelyt soils do not generally Lave the 
eapauty to store the quantity of water that is needed t) produce a crop 
without replonlshmcnt by rains or irrigatiou at more or less frequent 
intwrala during the growing season. In the eastern and especially 
the southeastern part of Uiis oountry it frequently luippens that the 
soil moisture is fully rcplenblied earlj’ in liie winter and that for many 
weeks thereafter water from the rain arid snow percolatea tiirough the 
soil without adding to its water content. In the enduing sunuuer, 
however, the soD molstuni may become deploted long before tiie crops 
have matured, and Bovere drought damage may result. 

Agriculture is, from the view[>oint of this drscussion, ono of the 
greatest of all aehkvomenU of man in Uie utilkatiou of our water 
supply, but soil eroeian, like a dread, disease, gnuws at its roota. The 
erosion of the soil removes a part of the water reservoir that it uLilnsod 
in crop productinn, and e(i]>cc)nily tlie upfier part, wUieii generally 
has the greatest capacity for holding water available to plants. Thus 
the mcasnna undortukon to check soil crodon arc mcamires of water 
coQsarvatiou. 

Storage of icaUr in Iht reek JormaHt/fis .—^Thw systems of rocks Uiat 
form the outer part of the solid earth arc Qte prixiucts of all the 
diverse and variable geologic proeeeses that liave been iqierutive 
through the egeo. The description and iuterprotatton of Uicso rock 
systems, with thdr ahnoat inrmite complexiLy, is die task of Uie 
geologists. The rock systems constitute natural ^toms of water¬ 
works with many reservoirs of great variety, some of whicli have very 
large capacity, The study of theeo natiira] waterworks and their 
operation is a of the hydrologisls. It is a leak that has retiuirod 
tlie deveJopmont of a distinctivo technique in llie application ol the 
scictice of Quid mochnnics and hydnuiic engineering to die geolugio 
structure of the rocks. 

The pomus and permeable rock formations which ccinstituto Uie 
iindoigruund rcservoire are salurutod below a certaiu level with water 
that ta under the control of gravity. In other words, then nder- 
ground neaervoire are FiUcd to the level of the water table. In most 
places lha roots of the plants do not extend duwna'srd to the water 
table or to the capillary fringe, which oc-cura directly abuve the water 
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table, and there re therefore an inteimediato belt between the root 
zone, or bell of soil riioielurc, and the zone of saturation. 

lUpUnUhimni of thr underground restrFoirs. — ^llie unilcrgrouml 
reservoirs are replejiisbod, or rw:hftij!cd, wi th water from aUnoapheric 
sourcea, Nearly uU Uydrologi^its belioA’O Hint llio rceliiuge ia eesentioily 
oil from rain mirl snow or from stre&inB fi'^1 hy rain imd snow, but 
tlmre arc still a few hydrolo^ls who believe that suhsurfsco eon* 
deiisation is a sul^tantiivl source. Tiio aiiioutit of rochni^ from a 
given amount and kind of precipitation varies witb tbo absorptive or 
intake capacity of tlie stiU or oibar aurficial material und inversely 
with titc capacity of the soil to bold ibo water for plant use instead 
of allovLUng it to porcolute downward to the wotor table. 

The intake capacity consiilntea a laige subject with many rajuiii- 
cations. It ipchides rjuestjons as to the elTccts of tlie vegetaltle mold 
in tbo forested areas and of the tiaturui ikhI, and, on tbe otlicr baud, 
tbs effects of grazing and of the cultivation of the soil. ll incbidcs 
also the problema of artificiul rcchorgo by spreading stream w'ater or 
by other means, and of tbo silting up of the natural reeborge channels 
by surface storage or other manipulation. The surface conditions of 
both forests and sod'covertid pridHes a re favorable to intake, by ki:cj>- 
ing the ram ami snow water clean and lUua permitting it to poreolnta 
downwanl tbmugh tiie ovaihtbic d«ct» and pores witlimit clogging 
them, wberoiiH under some conditions tbo cultivation of the soil tends 
to decrease the intake capacity, especially in heavy and prolonged 
mins, by puddling the top layer of soil and choking tlio intake open¬ 
ings. However, forests consiitnc large quantities of water by Iranspira- 
tlon, wbicb tends to offset Ibcir largo intake. Tbo conQtcling results 
obtained by diiforant investigaU>rB ua to the eifocts of foimts on tho 
water table and on tbo How of springs and alreains, as cornpared to 
the cifecta of elsareii or cultivritiHl land, are in part due to tho fact that 
in some places and at some times the balance is actually on one side 
and In otbexs on tiio other side. Relatively little investigation bos as 
yet been made of transpiration on the so{l-covere<l prairies and of the 
effects of breaking up and cultivating the prairie lamia. It aTipuats 
probable that there Is a hoaia in fact for the prevalent belief that (ho 
advent of tbo white men in this country was attended by a certain 
omniint. of lowering of ground water levels and of decrease in the flow 
of springs and streams. 

ll appears tliat artificial reebarge by water spreading, by impound¬ 
ing of surface water and rillation of stream flow, and perhaps by 
droinago into wells, has targe posaibjUlies fur bicreosing the perennial 
supply of ground water in certidu Sfwcifio areas of heavy consumptlutt 
in which the nalumi conditimiH ato fiivoruhte. On Uic other band, for 
the countjy as a whole, rochatge by such means will remain small in 
compoiison to the total natural rachargo and the total discharge of 
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ground water tJrrougli stream Sow Ajid tlifotjgh evaporation and 
tr^mapiration. Greater aggregate increaso in recharge is likely to 
result from general improvementa m agriotiltural practice and from 
atnietures defiigneiJ to retard a oil eichiiom 

Great, aa are the rariiitionB in preeijiltation from pluca to place and 
from year to year in tlie aame pluce^ the variations in groiiud-Tiriiter 
recharge are atill greater* ll is now known, for exeiiiplep that per- 
ennlal supplies aroounting to man)'' mill ions of galbin^ h day are 
available to wells through natural recliarge of the siinii and gravel in 
the rill of tVic coastal and the Great \"tdley of Cidiforniiv, the 

glacial outwoAh annda ami gravels of Lotig l^nnd, Lhn Rhuie Vallc)- 
and the plain of northern Oarmanji tlie dune santla of tloUjind^ the 
crovic'od iime^tiOne in the L^oswall artesian boain in Now Mexico, die 
bn>k6n lava rt>itfcs of tha Siutka Hiver PJidn in Idaho and rhe blends 
of Oahu and Maul, and tJm water-bearing rocks of varioiia otiier areas. 
On the other Imiifh there arc areas in which ground-’wster recharge 
U extremely emalJ, dtlser bomusc the surlaco torrano ib luipermt^blo 
or beeatj^ the water absorhed from scant prscapitaLion is nearly all 
evaporat.C4l or utiliiscd by planbi before h n^aoiics ihc iMittum of the 
root ^toncn Liirgo areas in tlie arid ami semi arid parta of lIub country 
have only y^ry meager rectiarge boeaiiso Llie precipitsitou is light sod 
(secure largely in tJjo growing fica^on. Yet many of dseae nreas ate 
undarlain by w'atcr-bearing formations that contain largo atorcs of 
accumulated water w^hich they will yield freely to wells so long aa the 
supply Inst^H In the coastal region ol California and in the Great 
Valley tho soil normally bocomea desiccated durUtg the long dry sum- 
mem. In winlers of subnurnml precipitation I ho precipiUiLud vnite^r 
la hero largely rcK^uired lo restore lUes^sil moisttirc, and iliere may bo 
little gnnmd-wntiir recharge; in e>!cotitioiudly wet win tern, Iiowevor, 
tlio water-retaining capacity of the soil is satisfied long before the end 
of tlifi rainy soaaari and very lar^o quantities of wnter percolate to the 
water table, oithor locally through tho soil or through tho channels of 
tlJO influent streama. In tlie relalively humid eastern part of the 
tinitod Htatea there is numially eoneiderablc recharge not only in 
winfor and spring but also in wet perioda in eumuicr, hut in the drought 
of 1030^31 some locoUties ware devoid of rechai^e for nearly a year, 
[n cold rt^ona with only moderato prccipitiition neatly alt tlia vc^ 
cjiajge nifty occur in a very short time in the spring when tlie snow 
mclta and the frowst leuvea the soiL In such regions there are also 
great difTerenc^B in the annual crop of ground walof* 

Rilalion 0 / fAa «sat«fr fubU to the plant tinfjdom. —tuia already bijeu 
pointed out that in most places tho roote of tho pUnte tin nut obtain 
their water supply from tlie jmno of saturation. Throiighoul the 
greater part of Uifi extensive and productive interior agricultural 
region of our country, tho staple ciopa depend on the soil moisture 
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dexiv^Ml rtiiw.tlj fnim tto fiaiii ftud enow fljad foil U tlmt supply be¬ 
comes of the qiiftn titles ol tliat are iitnrod 

beloi^^ the water UbJe. On the other handi howevor^ water froiii tlie 
tom of Mtiiration ia ddier liabltually ar In tima.4 of dFooght^ 

by native and cultivatotl pknta in many low platToa, inetmllng large 
ports of tho AUantio and GuLI Coaatii! Piairip tho glarjotnd regiouj and 
the stream vaUe 3 'S and atrnrtuml valleys in other parts of tJie mniitry. 
Tims the relation of the wntor table to fomt and fmiit treeSp staple 
crops such as whoatj coitii and alfalfaj garden truck, and naltve 
gmssoa is a Bubjact of groot conscijuonce. 

It k estm^ated that in the easlom part of the United Stntce at least 
one-third of the water dbclifiiged from the zone of saturation is dis- 
dioiged by Inyispirniioii or ovaporation, the rest Inung dUcharged 
ohjefly ns £t ream How. In some of the siiinmor mozitlis the discharge 
hj tTaoEpImLbn and evaporation may greatly oxcoed die dkeliarge hy 
stimru flow'. In going toward the less hiitnld partis of the country 
the total annual supply of ground water decreases hut the proportion 
discharged by pLants incronses, until in some of tho arid sections 
virtually all the water dkcbajged from the zone of saturation is 
through plants, and tJte plimatophyto v^^etution, wtdfih taps the 
zone of saUiralion, stands hi ^trikliig rontnust to the other dsaart 
pluibi. 

Probably the greatest dofleiniicy in hydrolop^c knowledge, especially 
tn this fTountryi ts in the imi>ort^t practical subject of the relation 
of the natiVo and cultivated plants to the water table. Not enough 
attention baa liocn given to the water table by botankls, sUvicultur- 
kte, or agmnonnab^, and adequate information k net avaitahle on 
such imporunt subjects as the phroatophytio Imhite of trees and their 
relutioii to foro^tation in Ihe^ arid and fumiinrid rc^:urnsp the depth ta 
which differcut cultivated plants will extend Uieir rtniia to reaeh ilia 
wztor table, lliu opUmum depth to the water table p nud tho iiicranae 
in crop production resulting from by tlie plants of water from the 
^me of saturation. The In tensive drainage develoiuuonls that have 
been nmdo in this country have been based too largely on the concopt 
that the wnicr table k a detxitncmtal feature, and not enough ooimid- 
iTatioii has been given to the value of the water table to pbntg uiidar 
pn^par conditiniiP. On the oilier hand, the hiadcqimcy of spcKUfic 
iaformatiiiii on this BubjfMst is lai^oly respoiisihle for exaggerated 
Btatements t!mt ore made from lime t<j limn as to the dkaslToiia rtsaults 
to agrirulLure from gonertiJ lowering of the wator lablc. 

Rrhiion oj underground etorngf, to stream jfow and to lijutrr ^upplUe 
from wife.—Tlio principal fimctbu of a reservelr k to store w'ster 
for future u^e. Tbo underpound reservoits function imiumlly like 
lake* and ponds In cM^ujilklnir the aircain How* hiil tlioy are more 
elTertivd because of ilie retardation of Uie gromid water by ttie 
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frictinn of tbo jock. Undorgrouitd Fc^or^’oirs of aojuo sort 

an alniofit- uii)venal 1^ pn^aont and tm eliiedy r^ponaibje for Uio 
HUS faulted flow of Htreaim, Tlie grouad-wator njn-ofT caniod Hy the 
st,rea]ua tt rolativaly l^onslant as romparod witK tha veiy (‘rratic iin- 
OOT) trolled tUraot nin-olT, but it is tiovorthdosa BcnsilrTo to vaiioue 
woatbor conditions and ts getn?rally greatly reduced by savore drought, 
Streams difler greafJy in tba quantity and lluctuatioa of tlioL* pround* 
water run>ofr acxoiding to the geology and other natural conditions 
of tlie droinapo baaina. A subject that has rocoivocl little Inx'estigaimn 
Jutt is of mudi sciontifio nuii praidical interest bt Ltio relation of geology 
to Htroam flow. 

The iicdcigrointd reservoirs funcUoti like artifiriid reserve ire witit 
ron trolled outlets only vchon they are topped by welts thot extend 
considerably below tbo water table. Siiidkiw wells that nicrely skim 
olf ground water from the top of the zone of saturation are likely to 
fail when tlm water table is lowered by drought, but ibe wella that 
extend deeper into the watcr-lieanng formations and have access to 
their great stores of water are not appreciably idTcetod by drought. 
Kejwrla of fail tire of such welLs are rommonly due to mechanical 
defects in the wells or pumps, or attempts made in tbitos fhf drought 
to increaao the rate uf puut])ing beyond tlio normal cftparities of the 
wells. Uy drawing water from wells in proper ainounls the storiigo 
facibtiea of tiie uDdorgroimd reservoirs era utilised and grouad-water 
recharge la meroased. 

Yiild of tfu artfgian rrsenwiVj,—A proUsm of great practical slg* 
niJicance relates lo the pcrenniid yiaJd of The utidargrourid rcMiroire. 
To what cjctont is the water tlmt is nnnuHlly being drawn from pumped 
or ilowrng walls derived from unnuul recharge and to whai extent is it 
taken out of storage, with the prospect of uLtimafe serious dopletion? 
From which of the water-bearing formatioQs can ndditjonal porenniat 
water supplies be devetoped and w'liere con Lbeso davelopments bo 
mado? TI lose questions are more intricniB fur Um arlcslau funoa- 
tions, wbidi are under confining covere, tlntn for tho water-bearing 
fonnalions Lhat iiiiTo water-table conditions and hence have their 
welbi in or near ibeir in lake areas. Tfioy ore alao more iiitriftate for 
tlio exUinsive ttrteaiso samla and sandstones, which transmit their 
W'atof Uirough smaji intcrgrunular intcreticos and exhibit conrideruhlo 
Totumo olosticjty, tliim for the artosiiLn limestones and lava rooks, 
which have much larger water oouiluita and are mono rigi<L 

Among Ltm large oirtvstan sandstones of tlio United States are the 
Cambrian asmiatonea of the interinr, the St. Peter .^andslone, tho 
Dakota sandatono, lUid the oarira of (liick sauda or sanilstoiice of tlio 
Atlantic and Gulf CoastaJ Fiuin. In these stmdstoncs centuries nmy 
be refiuired for water to percolate from the intake areas to the localities 
of ill e wells. The total qi matt ties of water that they hold in storage 
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nt» indewl Tory targe, unit the quanlitics that they will yielil from 
fltoTugo maroly tlironRh the comprosaion lliai. results from liie releaf;*' 
of nrtc^an preijaurc of lIio eoiiluied water nppareutly may nitmutil 
to millions of gnllims a day for many yearv. It is iK^iievcfl ihat tiie 
pLenomonou of coniprossioii with rlerrcose In nrtesian prf!f58ure 
has Ifpcn demonstrated to be of primary importance in tlie study of 
the perennial yield of these Hrtesiiiin sandstones, hut Uia moile of com- 
pneraioii has not hoen given much investigation. Presumably com- 
pressinn ooclire largely iij the strata of roklively fine gram whirli feed 
into the strata of cofiiscr graiu (Jiat supply tho walb. 'Hm phenom¬ 
enon of recapsneiun with increa^' in artesinu pressure bt aUo known to 
occur to u cooflidaroHle eilent. U is more dillicult to explain than 
the compression but is probably also more charneterisilc of strata of 
relatively tine grain than of the most prciduclive wnter-hearinp hods. 

It appenrB tliai the spectacular dbehorga of artesian water from 
the DnliOtn eantbtone for more than half n century haa been suppliiod 
to ft great extent from storage, largely ns a result, of iLo doslip or com¬ 
pressive properties of tlic systcin. It rciaains to be dolermincd 
w'hothcr tho more moderato withdrawals that are likely to he made in 
the fuluro will be replaced by rechargo or will rosult'in further pro- 
grtasivo depletion, Tlic SOO-foot eatiii in the Atlantic City nrea has 
yielded water freely for several decarleo and is currently yielding 
several nulliuus of gallons a day. It showa encournginp recovery of 
head whonover the mto of pumping from wolb b dimmlshcd. IIoiv- 
ever. a l 3 -year record obtained by the Investigntora in that area 
seeniis to show that the regional cone of depression is stUl expanding, 
and that with the resulting compression iiomo water is still being 
taken from storage. Oilser great artosion sandstones, such as those 
wliidi for nuuiy yeani have fnniiulioil tJjc water supplies of Memphis 
nnd ITouflton, sro known to Iiiive large annual recharge, hut neverthe- 
IcsB further records are needed to determino definitely llie source of 
the current pumpngo—to what extent tho pumpcrl water U reijliu-ed 
by recliorgo and to wlmt oxtool it is ilerived from storage by the 
further development of tho regiotud cones of doprcftaion, 

Almut ft.fjnfi public waterwurks in this roimLry are supplied froni 
wdla. Many of tJie*a obtain their wator from auiiidal fonnadons 
with true wator-table conditions and many others from rccogjiiKoil 
artodan foimations. However, there is another large group of water¬ 
works that (ira Bup]iH«l from aquifers, Jorgoly in the gkdnl drift, 
that wo not usually regarded «a artesian ami yoi underlie moro or less 
cffoctive coiillning beds and are rechargod" by somewhat devious 
percolation of tlm ground water. More aticniion ought to he ei^'on to 
tho prohloniB of depletioti and safo 3'ia|(l of tiieso aquifers of inter¬ 
media to cJtttnictor. 
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Tins b.V(l»vlo|^o cycle, beiEfrof rrwjnr ddcntilic nntl pniottcnl intents!, 
bus nscciviHl llifr study of a numlscr of scieatiBbf, most of wFmm 
liftve not c«l|p<l HicmpclvcB bydroiozi^te. Iti tins country tiio Wcothcr 
Uumvsi long nifo tat^blahcd o comprelieneivo anil Bystemotio pfopmm 
that has Fesnlt<cd in the accumtilntion of a great amount of haao data 
on pfecipitatinn and other weather conditions, t.ho voliifl of which 
is beyond cstiitintiou. Tlio Geological Surrey has dcrolopivJ a 
thorough technique for gaging streams ami iias Hccumidatc*! a remark- 
abJo body of systematic and exact data on stream How. By sys> 
teniatic work through many yeurp it has oIbo made siihHtaiitinJ 
achieTCmcnte in the cUemieal aniJyiqs of the natural vvatew, in n 
gemiral survey <if the gnnind-water conditions, and in the davelopmcnt 
and appUcatioti of quantitative meliiodsin ground-water invcstigotimi. 

In addition to the work of these two scientific horemte of the 
FedcraJ Government, then? has been n vast amount of work by a great 
nuinher of govenimental and private agencies imd iinlividunlft that 
has contributed in nmiiy ways to the biiao data and to the ntetltoila 
and principles of hydrology. Thus, many hydraulic engineers have 
devoted much of their fimp tint tci enginaoring work at. nil but to siHcn- 
tilie rcs«HrT!]i whiting to the on turn I watets; thus, also, many otlier 
scimtfiists, such ns soil BcieiitistB, agronomists., gnologiata, botonisds, 
tind fnreatgre, have timdc rlistinct oontrihutlomt to hydrology, There 
has, hmvever, been u lack of coordination, and dcvclo pin cuts have 
been made whicti have had unfarorabte effects tliat ware not furcsoon 
lK.^,auflo t.lifl acicntists and cnglnecra coiicemed ilid not havo an adc- 
quafo appreciation of tho unity aiul ctuuploxity of the liydrologic 
cycle. 

In recent years thrw liaa ariiieri a trlioh^aomi'i na^ognitiun of hyrirol- 
<»gy n!< ti omnprchciuiive aciem-e, and n general effort lias hecn made to 
corrnlatc the differemt nspei'ts of tho siibjfrt. This trend has found 
expresaioii n»ic! etimiiliifl in tiie organbuljon, C years ugo, of tlie section 
of hydrology of the Aiiiericiiii Geophysical Union. More rectuitly 
on attempt, has licpo intiJo tliroagh the elTorts of tlm Mu¥L‘«sippi 
Vftiloy Committee, tiie Nntioutil EeBoiircos Committee, the State 
|jlutintng biuirtls, and otlier uganrie4> hi evalunto objaetively tlie man)- 
fold works of mail that have affectod the hydrologic cycle at fiomo 
poln t aiif 1 to Alta in u clearer pc mpec tive for the fn til re. Thus, p regress 
has Jicen made in nn appreciation of the sensitivity of our water supply 
to many complex controls. Ixioking to the future, we muat iiiaist that 
engineering w'urka or other itevelopinente ehuU be undertaken aiily 
after tbrir hydrologic cousequeuopa bavo Iuksh fully atudied, and we 
riiiiAl resaluloly netourwlves the tusk of building asciaticeur liydroiogy 
tliat will be iidoi|iialc for the rcaponidbilitics tbat are invelvud. 
siaus—w • . |?i 
















THE HRST CROSSING OF ANTARCTICA * 


tJy LiKCubTT Eluvoktii 


IL is wilili & deiap of llict modesty of my owii oadea^’am tlist I 
ap[)car befotv juii uini^ht to tell you somethiDg about my reccat 
Qight across Autarctiva, It U years since I last was in Loadon. 
I wonted to becxinio on orplorer, so came over hero to buy tbo nccissBTy 
tnstruuicnts, which ot that age 1 thought would be the necessoiy 
quolihcotion^ hut found that I muat toko mstructioUr which I 
did, tmdor Mr. Reeves, of your Socioty. Sirougely enough, the 
[lodcet a>mpasf! with M'hich I pnictbcd routo-survcyuig on weekly 
excumbrui about the suhuihu of London 1 corrioil and used on my 
night acroKi AntaretJea Ltat Eea&oti, I pmo it highly because, after 
alt, it remains the mcinento of a visit that wtw to deetdo my whole 
future career. Tlad it not been for that beaiitiftil OJiipen>r penguin 
which I Yisitod weekly at iho Ijomlon Zoo and the mernoriel service 
which I attended at St. Puut’a in Fehruoty 1013 for Captain Scott 
and hli gulLuii comrades lost in the Antarctic, I aliould pn>l>ably never 
have chosfai the polar regions os my Retd of endeavor. But so deeply 
stirred wiui my iniugiuatbi) by whut I hud seen and heard that the 
die WUB cast befoFO I loft Ixjndon. 

The ilreams of youth are long, long dreams; yet despito all dis- 
appointmenUi end setbacks that were to ensue, the purpose held, 
until u clianco mooting with Amundsen niudo possible on oirjiliitie 
lligbt over Uio poLir son. My meeting with Amtmdsoii woo in 1924. 
Our flight tiio following year to within 120 luUes of the Nortli Pok, 
from Spitsbiugen, was tho (itsi peueiration of the polar reglous by 
meaua of an airplane. It pravert the value of aircraft os a future 
means of polar e,vpk)mtlon. 

-\ftor my llight with Amundsen in the A’otyfi fmm Spitaborgon in 
1923, over the north jkiIot basin to Aluska, restlessness and desire 
uoggisl mo until I was able to settle on thu teat great adventure of 
souUi polar explorettou; The croasitig of Antarctica, 

A ctuaaiug of the nnia botweea tho Roes Sea and ttie Weildoll Sea 
seemml to offer Lite bent possibility of snlving the major problem in 

I A pApv riMd U IIm iwiLlfli lUfAUaf ot ^ U«4rA{iikliHl iSutalf»Kovfai^ IfL um. 

hy ftwm %tm Jgnmat. vial. tfL wl I, im. 
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Ihvi Antiirrtrcj. Doca the An^leari wycii tlip« nt Mfipi^llan 

Strnrtti^ to form tho grimii znoimtain ciuiia of Grahiuii Luiul^ 
imd dips tit whnt i:i believed to he Stefen^on Sirmti iho (^raiii m 
Heiu^t Liuid ami coDtiiiue uDtil it pins the pokr platenu biiil tlic 
mouiiiakLa of South Victoria Lifliid; or, if it dots rifiO in Ileufst Land, 
clooa it diji iigain to form a drprf^inii or n twlow-^cn-level irfuinnid 
comii-ctiiig the Rosa floh with the Wetldell Scjj? 

Xiimi';roii& pinna and iiiiiny prepiiratioiia Lad heen made to carry 
ant II trans-Antiirctic joiiriiej’. Shucklctou in IflH loat bia ship before 
he iTftched the starting^piiim. Wilkins was foiled 2 yonns in succession 
by fniil[i|: to find n siutable airplime field from wliich to s^tari. Wat- 
kinsr after much proparaiion »ud endeavor^ failed Lo fotstiirtcd from 
England. Hiker Larsen was carried away from the bamer edge by 
lUe breaking up of the ice, and did not get elortod oti tlie ncliinl 
iourDH>% 

By the iinie I wua nble to turn my uttentiun lo the problanip n great 
lid vs lire hnd been run do in iho muchincin,^ for neiial tmiisporta tion^^ 
and 1 believed that it waa no tongar neeespoiy Ut risk LIk' lives of 
niJiiiy men w^ho by tlieir shear jihysical endeavor w'ould fight their 
way slowly iJitoiigh sloima* nUirvation, blistmrds, and snow' blind- 
dessp stTiPggtiijg for iiiiiny weeks ugninst tremimduus ojils ncre^fs what 
iriigbt prove io Ih' u mono tone streteb of ssusiriigt-fealfin-d snow: 
r>r^ if rnoiitiloins were roiiml to eriat beiivet^n the Weddell Si-a and tlie 
Roe^^ funl Oicninelvi^ in n uuixe of iiverhongiug gladeiw, steeps 
sided volle^’n^ and laced witli unBcahiblc diffa such as could Iw seen 
iii Ondioui Ltmd^ 

J myself w^oLikl have prefemd to Lave l>ecn with iho vangiiiLrd of 
polar explorers, and urn ha|ipy in the knowledge tlmt neiilier the 
North Pole nor the South Polo wx>rei firfit huinbled by conquc^it by 
jiirpliLnes. Neverlbelt^sSp it wtHibl not do for ii.^ io lug behiiiii the 
lifiif^. li'liangi* is the biw' of Ltii! worlil iu^rlf. 

Tlicr lilllfi amaliBilovm, anti ihey flow 

Kroni rorai tn forn], anil notlifng itnnds. 

shj-s 'ronnystiri. And fiO our nu'thtxL of npproiiclihip tlie mysfofy aiifl 
itimmipn of Nnturft'a liujt iitrotiKliuld n^jdnst man's invosbn Imd to 
cKan^. 

My own liKp^ritmco willi Dirpltmrs in hipli lutilndcs hod givon jjit 
aomo knowkdf^c of tlio j^osisibilitios of airciroft in polur roiniitioru^. 1 
knew tbjit low' temjjeralures would not be u greftt obotiicle m flight. 

I bad oxporienw'd tbo fact of lAriiling far from my btme and eotting 
iiiil ngttUi for n fiiifp n^tnnn I know tlml nirrrjift rmifinfa m 1QS2 were 
roliabhr for niftily fiulire' Burvite la-itlioiit overhaul, and I Imd etiidiod 
flare fully iJm Antarctic conditions ns far aa they might affect tlm use 
of tfm airplane. 
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[n ffpit^ of i Le getientJ by Uio ]>ook3 on An hire tic 

Lravol, which tirt^ filled witll desscriptioiis of bfld slinlging truiU» hazy 
outlines, putlden blizzjifds, ond luird^ipjjod Sflotnigi, I found that even 
tlio writlon accounts of jimvious expeditions nudlj onwiuraged Uie 
belief that niachlnis might be landeiL safely on most of tlie surfaces 
tiiicouaUfrod in the poet. A tborongii soiirch through tlis dinrieo of 
Scott, Shackloton, Nfawson, and Aniundsou rexealed tlmt the siirinccs 
they found ou tlioir dedgo juumoys, both on the ttoss Bamer and on 
till) polar pi a (can, w'ould affonl rcaflonahly gooil limilmg fields for 
modcni airplanes, providErd ol course ilial the weather was such llmt 
tlicuD surfaces could he seen. 

For instance, in Scott's published diiii]i’ of hb journey to the Pole 
he iiieiitions soft snow, heavy acil rougli efiirfucea, and souio Burfaces 
ilisLiuctly good, hut he actuoUy mentions siistrug^ on 6 days only 
during the 30 days it took hini to travel from the edge of the Bamer 
bo the foot of the Bcjirdinoru' Glacier, which leoils up to the polar 
platcflii. Only on one occuHion did he mention siistrugi 12 inches high, 
and then they were “widely dbperaed." Th« other saptriip f«-^u 
jiiiiat have Iwcn lower and ptohtihly woidd not have mti'rfeiied with 
the safe liindiug of on airplane. From tills it was clear tlmt only n 
stiiall percontogo of the actual Barrier surface would he uiiHuilahle 
fur furced htndings. 

On the way tip the glacier, Scott nieiiiiitufl eastrugi "not more than 
3 inches high.” There wore crevoascs and umlulutium uud soft gpofs 
of fourse; oim ivniild iwpect to find these in the fairly BtcotJ-alopnd area 
leading up to an altitude of 9,IHI0 feet. But it was hardly necosaaiy 
to con shier the glacier surface in relation to Antarctic flight, for any 
airplane Ityiug over tlierii would, in cose of engine failure and a forceil 
hindlug, l>e able to glide alxivc ibo glacier surface to the lower level 
Lif tlip Biirrior 

Wlim 01 ICO over tin* plateau ontl beyond the “third degree” cuinp, 
Scott found the surface liiUjcult for sledging, but not until after 5 days’ 
ttiari'liing did )iu ci»nic to HUAtrugi w'liU’h were rough oml confused—ll 
w*ae r«iiigh, in fact, that Si^ott ilisctdcd to abandon his skb, whii'li 
hu luvd used up to that time. But tfic rough condition was limited in 
area—a cross^ectioii of probably leas than 5 milosj for when Uioy 
came to tfie end of the saslrugi, Scott says they w'cnt back for tlie 
tikis, u trip which resulted in & delay of only I hour and 30 iiiinutes. 
Oliwani U* tfie Polo, and fwtwecji Um dates doiiuoiy 7 mid 17, sastrugi 
are itiantionoil only fiiur tiniDB, and tlieii only in relation te the genetwl 
directioti of tlic winds, lie rofors to rough aurfarea only oucu, nn the 
Ifith, near tlie Pole, and there the sledges “bumped over tlie ridgw." 

In Amundsen's account of hb jimrnoy frem the Bay of Whales U* 
the Pole, lie tnenlloiis saatrugi only five times, and only whan on and 
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twiLT th{« {riAcieri in the <LFfLWof tho moimt^iruEij rtid he funl the surfaces 
racecdinply i^ni^h. 

Tho (funeral ll^Ml4rJfip(lil>^ of the sujfutee GDcoimiei-oil by Sir Duu^las. 
Miiw^m ^ml the Jiieiiit>cnt of liij piirtlef* nnt ^ ooexhuraifiTig; but 
Uten Sir IXni^lati iKftA tritvolitig; iu conipamtiyely low luUtiidi^, between 
t>9* ami 7Ci^p find hhi nmi^ hy otof the sloping icfv«heoE tn^t far from 
where it mmts the open water; n mndUiutt likely U* intlnri:* iiigh winib, 
crevassed are&Bj and tjai^trLigi Mawsnn^s Magnetic Pole party lfs\ by 
Bago tnivdod fartlior from tho continental edge, but w^as not more 
thun V20 miW (ram the Roa. Bogo mentions eaetmgi only twico 
durltsg the first 75 tiiil«s3 of Lrave], and lists the snowy wLud-djifts only 
otice as Iniing I fool liigh: Uir others niii!it hnye In^ori lower, loiter on 
tie roinariis on E 4 fcnlTugi b inches liigli, tJieii for 3 days very few. Af Itir 
tliat they iravded for S duy3 over fairly go<»<! aurfm'ij^g iheri he iimn- 
tiptis “aomo old ^$atnig:i"| then "f^urfnc« anax^lbty polkhiKl.^^ 

Notwitlistanding the diflirultJcis whidi aotuiUly Gneountered 
by MftW^ion'e: sledging parties in the Adelic l^ind any*t Bickertem *lid 
use ink air-screw tractor, In reality an airidane nibius iUi nnd 

tjuded it several times ovi^r a nnifce 10 miles long. The aurfacea mi 
any part of tliat mute if puitablo iar io-vUng must bavo been siutabk 
for an emei^ncy forced landing. 

]L U only (iiglr^ol t<i a^unio that cotiflltions hdafiil from tlir Adelie 
[fond cooiti w'onid be aomewdmt simihir llurn't found iiy Scotl jm<] 
Amundsen fartlicr soutli. Tbiirefnre, ui apitj^ uf tlie general iinpreii- 
fiion, and after a rarerul study of all ronditioris met by sledging parties^ 
iisDOiiied that on a Higlit atircts^ Antarctica it woiiid bo Ut find 

at (east ns many emei^eucy landing ilolds as one would e?£|;>ect Lo iind 
iiu any lrant«^t»&tinenta] lliglit liefom tbo di<!vekr]iiueiit of air mules. 

The qnestiunt ifaeni resolved itself riot mUi una of siifa liuiding Hekis, 
Inii wlietlier ona {roubl distiiigriisli a safe lazi<ling fiidd from the air. 
There is tio doubt about the difbriilty of dktinguisbing tha type of 
anow surface when Uic sky Li clouded or during snow drift and blbc^jiritK^ 
but it is not difficult in amishine. To uvojtl danger it w ould be nece^ 
stkfy io Jjy only in clear weaLtiDr. So tbo we&tber pndibaii wan the 
greatest to bii faced iu relation to Lbe msv uf ulrplanes lu tha An tare tic, 
Tt was^ UI fuctp Jilmutit great onougli to [mibihtt atiy aUenipL Ut mak« a 
Lrnii^AIItanglier fbgbi. Stumjs without warning Imd frcquriiLly over 
taken fiKit tmvfllers, but it wm nbvruUB fiiiit wlketi Hying it would lie 
possible u* &fw the appmcMih of a storm at a greater dktanco tlian when 
on Lhfl groundp and oJso {Hiissible to turn away fmm it if uflcessuiy. 
"I'ho tiling to do if a storm biirred the w'ay was to Eoiul and wait for 
clear waatiiur. 

But tiio high winds bad wrocke<) and alnmst amotherrd polar 
partice^ nnd| even liefore my plana were luado^ had ripped uue of 
Admiral Hyrd'a planer from itn laabiiig^ imd rnrrieil it half a mile 
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awjij. Tilts wiw ft hig!i*«ingw1 type of ptnne, diffintilt to liiirEior, Mid 
it. Kftd been luirhhrtui to simllow siww on it glMCod ice snrfiKe. Rut 
evon bed it fieofi fimiJy mndo fast, ite bigli wing would hitve Jcfl It at 
Iho morcy of tlie wind. 

11 Wits cronoiQ that ixiauflioiant data could lie obtftined from Ibo 
Antmt-tic to dlow rollftblo forecHstlDf! of the woiithor which might be 
moountorod on the oniiro route betwixui Ltio Weddell Son and iho Hosa 
Sea, and it was nocosaary, if T flUouH attoiupt to fly over thai area, to 
prepare to laud in Die faiw of had wfathcr Thia plan mimrod special 
attontjun to the ty[>e of plune to In) iiaed. Firat, 1 would nnod a plaao 
with high speed, so as to limit dm time nak as far aa po-saibla, and to 
overcome tho high winds which wtrnld surely bo met with in clear 
weather. Tho machine would havo to bo of a typo which could lie 
made fast safoly to the ico OT snow while riding out a blizzard. A I w- 
w'ing typo would serve that purpose, Mid one without stnits or wires 
attached ti» the landing gear would best facilitate fJio lowering of tha 
okts into 1-11111100111 dug in the snow and Hie diggiog out of the plane 
from tlie snowdrift whoit the blizzimi was over. 

In 103), when my plana wore first announced, there was no plane of 
tho typo \ iwniited, but a canvass of tho posoibilities showed that a 
dovdopmont of the Northrop Alpha plane, a low*wing all-rnclal 
machmo with conlilevar streamlined landing gear, would host Buil 
my purpose. At ruy request, tho Northrop Airplane Co. built a 
special inarhuirt, the Otimma, for my service. It was largo enough to 
cany suffiriont fuel for a range of S,000 miles if nothing but fuel and 
oil was to lie carried; liut naturally some of my loail would consist of 
eqiiiptnotiL and cupplics. 1 Jntonded to toko onough for 2 months, ro 
os to allow- for repeated landinj^, and enough l*i servo even if wo had 
in emoigoncy to abandon tho piano and w-alk to the nearest area which 
would pro^da food in the form of seals and penguins. Tho fuBclogo 
of tlw Northrop Gamma was large enough to accomniodato a pilot and 
navigator, a aledgo, akis and ahowshotw, deoping bags, tonu, engine 
covers, and heating stoves required for ccmveniontly starting tjie engine 
in cold wcatliw. The luiichinc w'fta, of miirso, Of{iiipiwd with a two- 
way wireless an well as on omorgoui'-y raciio on till. The fmal desigrj 
incorporntod a tltKl-hoisopoww VVosp ongino, giving a [iwiihlfl speed 
of 215 miloe per hour. It had sturdy, short, and wide skis mad* of 
wood, ehouthod with motal. Tho aids wore intorehangeabte with 
wheels and pontoons, jto that we might use tho mar bine on any type 
of surface. A unique toaturo was the Haps, a very now feature in 1932, 
which pennittod ua to liuid at the c^iniporatively low speed of 30 miles 
an hour and take off in a ahort distanea. 

After the airplane was selected it was ncxessaiy to liml a ship which 
would accommodate tho machine in tho tmld foraafe transport through 
the stormy waters wa should cross to reach the Antarctic, My first 
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plaii^ based on the assumptioa that ui tlio Rf^ Sen, at the ef the 
grroat Hr™ Barrier, was the etily plari? wharu I coqlil hi' certain ef 
findinj^ an unlruadiiig piyini fnr ihe plario on i^kin, was to fly froin the 
Rous to the Weddell Sea and return on a trianjfular eowr^. 

Mj ship would liave Ut braTo the fltormy areiw of New J^ea- 

land, and have s^ufficient range to iotimey round the PacUk sector of 
the Antarctir ice edge to pick mo up, should I bo coniiHiJlod to land on 
ihe Weildell Sea side or abandon the plane on route and vralk tc* 8<mie 
part of the coaut. 1 tiiially geloctod a atauncht singt<MleckT, motor- 
driven Nnrwo^an fii^luJig-hoat of 400 U}Iib. Slie was built of Nor¬ 
wegian pme and oak in 1919. I alieatbcd livr with oak and armor 
plate fur iservica in tha pack ice. Her en^dnn wm of the sniiii-Diescl 
tjpn, and I installed tanks for fuel siiITidont for cniisini^ 11,0130 
mltea iit a E=pcod of 7 to 8 knots. I named the ship the W'lfaU £hrp after 
au unbelievably brave frontier marshal who more than lUiy other man 
of hw time typified the empiro builders of ti*o Unitod States. 

The Earp could cany supplies for 2 yoars as wall oa tho 

airplane in the hold, where it well pro toe W from the weatlier. 
This left our docks rloiirp twcopt for the explosive ga^f^Uno^ which w'jls 
carried in drums hashed to the deuk mila. Them was rtMirri, in fart, to 
have carried iinotliur plnno on deck, but ! finnily de^dded against 
taking a diipUcate machine for two rmsone. First, by exercising 
infinite care with the machine while propaiiiig it for flight, and by 
llyltig only b\ fine w'oalher, landing only in dear wcjithor^ luid in fiiiie 
to lofih it down befom being overtokoti by aU>rm, 1 eould bu lyia^imably 
sum i>f safety fr^^m damairo A Rkill(Hl pilot, EHinling under such 
conditions wotild prolwt ua froin the ilanger nf accidenta to the pisr- 
Mtiinel and li^avo us in a podtion to walk away fcaii] Lite ma^ lune if it 
was nopos&ary lo nhontjrin U. Socnndly, two fuipfancs wumIcI havij 
moant tw'o or meu^ pilut^i and ot.hri additional memliori of the expnli- 
iion, and in all un extra cost far in excess of the actimt and ifiitinl coat 
of the nmehbio. 

iLcimotuy baii ntit always ficeu ihe first coiibidoniiion in polar 
exploration and while it h liccc'^soiy to spam no i>X[)cn,^o in pmviding 
adequate cijiupjncrst, there Lu luj reaKciu why exjU'ditions ^cuilrl biF 
alksuriliy c.vpensivo or Uixurioij^. It h ittquis^iibJa* of rmiruep U* value 
ihscoTory in dollnm anil mil*, but all atl^^mpls at discoV'cjy ahouhl J^o 
organt^i^ed with some consideration (ot the magnitude of possible 
results compared with the amount nf monpy involved. In this rtsla- 
tinn the UBo td airjdanDft hoii mojJe it ptisaibl© to lower the cost of 
oxplorrtticiii and dkeovciy. 

An ex]Rnliriow equipped fur flying iineds persominb and can 
expect to covoi" niibfi for less expenditure of cneigy und money linm 
could he fiona w'hcn using tiui di>g-teanT nuUhoci. b'or detailed scientific 
^ou^a^cll the dog-teams may bo nccoasary, hut my clTurtii were to be 
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puFcfy in Uw niituro of dlscovory, to opfta tho way for future niiioafcli 
lo follow. To ttcliicvo my pur|Hffio 1 believed tbal, by oarrying aufli- 
cicnt food mid in tLv pluuc, we could, if niqiiiml, spend 

Mverol weeks on the journey, mul if by ebaiice our pkno wns wrecked, 
wc could either hold out until my ship could return to civiliaiitlon, 
pick up sDotber plane, and cuinu to our rescuo, or else meet us nt u 
prcdotormlncd ixjijtt to which we miplit walk, and where we might 
litld additional Unlive ftxid. 

Adequute rndlo precaiitii'm would assure us id coiniuunication with 
ourhuw stall tiniest,iind to cover tlik I prepured not only for two-way 
redio c<im Hill idea tiou from the plana but cam*?d a» well a coinpk'Lo 
engina genorati>r bc 1> for injo when ilie piano was on liie ground, and a 
completo hand-driven sot for ujmj when sled^ug. This, wo heUeved, 
would toko care of all Bmetgencies. But we wore wrong, fur during 
our lli£,'lit a terinLijul insUlo tlie souding set, and which wo could not 
reach, burned out. While wc ivere on the ground botwetm llighls we 
iiiHiutaiiied the prcarrengiod sclieduh» tliree limes daily, hut tlie 
signals sent out by Uio engine genomtor aol wens never beaHl, The 
oil in the hand-driven generator froKc stiff and stripped its gears. 

Believing that wc had ample fuel, ivc did not conBorvo our supply 
either when climbing to high altitmh» over I3eai^>t Land <»r during the 
various huidiiigs, lUid tl^is brought us to a landing out of fuel when 
within 10 miloa of our goal. There wna no useful radio gear at IdttLe 
America, and with u [rozen foot ooii considering the ditGculties of 
croaaipg lUe lerribly crovusseil area and pressure riilgcs which lay 
between little America and our plane, I tiid not tliiuk it possible to 
liuitl ctjinpiiiunt luid fuel sufEiiucni, to bring the umcluno to little 
America, where in time it might liavo been possible to repair tliu 
wireiosa ect. So after the set foiled, when wo were about holl-wny 
across the Antarctic continent, we were out of toiieh with our btmo. 
IVe did, liow'over, pick up tiuie signals on tliroo soparetc days from a 
station at Buonos Aires, a-nrl this made it |»o^blo for us to cliock up 
on our chroinniiehire and oataliliali our positions, 

Witli iJie exceptinn of our wLrelesfl, our ettiiipmout flOrved ils purpose 
ndmiraldy, Tlmre was no dUhcuUy witli the idrfilane equipiiient 
btNiauiM of lln? enhh Wherever we landed on tlie plutoaii surface Uia 
snow woa sinoolli and Imrel packed. The skis sank less tlirui an inch, 
and we had no dilliculty in landing or taking off, or in securing our 
plane so that it was safe during the blizzonb we exporienotd. This 
sit owe that u carefully aolectcd mud due and suitable equipment, iu 
the liacnls of a akUlcd pilot, will stirvo for preliminary rccounuLssaiice 
ill thu Antarctic, Even in the ntoiiutainous areas we crossed in ilcaret 
Land, there appeared to be mtiiiy places, which would be difflciill to 
reach by dog team, where we could havo landed safely, 
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An air()l(iQe can cany utoro and hnn^ back more specimens ttuin a 
dog team could haul and altbougU tntitdi time might ptt^ vildle wait¬ 
ing for reasonably good wenUier, Ihe speed of travel when the weather 
is gtHKl and die exceUent visibility to be hud whim traveling by plane 
more thntt irnnipeusate for the detay> Therefore I think that with the 
airplane we ran reveal tlie last remaining unknown regiona on the face 
of tlio earth. 

So much for our plans and the way in wlitrli they failed in certain 
po ints. The i let alls o f the High t Ka ve apf icarad at ran dy in the pt i bj ica« 
turns of Amerivau socielies, huta brief eummaiy of tham willstdl t>e in 
plai'c tiaro. 

In I USD I liad planned to luakn the flight in the opjiosUc diroc'UuUt 
from lUe Bay of Whalor to the Weddell Sea, and in January 1US4 luid 
landed the airplane on the bay ice which, after aeurvosaful Itiid flight, 
broke up in a gale and crushed the machine so extensively that we had 
to alnmilon the attempt. 

In Scpteiiiber 1034 wo were back in New j&oalEind ready for another 
attempt; ihi» time to moke the tlight from the tVeddell Sea to tlie 
Roes because an earlier start was possible in tlmt direction owing 
to earlier break-up of thv pack ico about Gnduiui lamtl. But tbo 
wcatlier was altogether againat us, fiisL nt Dowjition Island and later 
at Snow Hill Ishiiid on the east coast of the anrhtpelago, where wr 
foimd a suitable dying boBO. Wo made a start' on Jannaiy 3, 1U35, 
but ware soon driven back by bad weather. In tlm whole of that 
aeaaon, and w'h were ihoro for 3 inouLlis, we had teas iluut 12 houm of 
flying weather. Returning from Sruiw Hill Island, wo were caught in 
the pack and got free w’lili ilitnimlty, and for the Uiird attempt we 
chuae a safer base, Dmidee Island, auiue 80 intles north of Sunw Hill, 
which we bad marked on tlio return fmm tlic previous attempt. 
The WyaU Eurp roariied Dundee Island again in November 1U35 with 
Sir Hubert tVilkina and Sve others who had been on all tlirea cHpedi'> 
tiona. For pilot on tbia flight I was fortunaUi in obtninbg Mr. 
Herbert Hollick-Kenyonj who bad obtiiitied leave from Canadian 
Airways; bo had much eiporionce of flying in eubarcuc comliiiona. 

At tho sumnui id Dundee letoud, alxuit 50U feet jda>ve eea, tliore 
was an almost unlimifed snowiicild u'ith nn e.t(>elleut tako-off slightly 
downhill. Btipplies nnd fuel were hauled up on sledges and personal 
equipment carried by the plane during test llighis. l*ho weather was 
favorable and we took off on November 21 in clear weather for wiinl 
wo hoped would be the main flight, but after about 6lX) miles our fud 
gage clogged, so that we were forvod to return, and laudt^l after lOK 
hoiiro in the air. Wo hail rcalixed from our oxporimre on tlu) first two 
expeditions that the only way (o fly in the An tan; tic b to start in good 
weatlier, and. if it iiirus bad, to l>e pivpun>tl to land and awoit tim 
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rftliim of l»i>t lor PomiitJo&s. So tliU time we lo<ik «io metoorologwt o^ 
our liiiiuj fwiSinj! llmt it in impus^b ki torecosL in Ltio Antftrt-tw, 

Next dny tlie lutu^iiiue whb refueled and ibt* luoed up ngaiii 

by the mcchitnifn. The wflfttlier proounwl U> rcmniii fleer, end 
IIollick'-Kouvou iind I were eulleii at U2.O0 on llu' 23d. (All rlnle^ mid 
liniea areGfoenwich CK'ii Time,) Wo nto a hearty braiikfsat (Uid theu 
ilfcseed in heavy clothin$f, with nfuiwshoea. Wo purpofidy mada slow 
lime walking liio 5 tuilea to tlio platio, bocBuse we did not wUh lo get 
our elothitig duitip with iierspimtion before taking off. After 2 hoiira 
we rearhod the plm-r wlusre tlio Folar Sf«r lay ready for night. As 
Kenyon biiHted himwlf with hint ad juBlJUeftte t hud only one thought: 
“This time we must make it.” 

When we took oil to ttio south at 08.04 on November 2»1, iho wcatlu-r 
was cleat, the toruperature —3* C.> mid «lio wa u lurquuise blue 
which pave a niarvelouH reliectiori on the tooiintains. By OH .30, an 
wi- flaw along Iho conat of Rosa Island, wo had clinicd to fi,40O fwt 
and the teni(ieratiire hud dropped to —10" C, Weddell Si'u was quite 
ii|iflii for the first 3(W) miles—unustiid in llwi Amarclic apnuptime. 
b'ur 1100 niUcs wo flew along the riistcrii wasl of the Antarctic Arebi- 
ridago, until wo ranus to the frnwt'n channel which wc LdonLiiied as 
Steffinssoii Strait. It appeore l« be not more than 3 miles wide, 
iiiuck luirrowci' tliun i* shown on the map of the jVmoricau Creo- 
graphical Socioly, and wo could not sm far etiotiglt In dctenniiie 
whidhi'r it aclutdly comioctcd the Wodrfoll tvnd Rellingshauscn fe'cas, 
or WUH iiinrely u deep fjord, though wo had rMaii to more tiian 
feitt. 

So long as wc hud Jaiulniarks for dieckiiig llio plane’a ground speed 
and iHwition, we made careful notes of dead reckoning, atui found 
tlitiL Our ground ejiewi wim lower than exiiert^'*!, but wua I2ll miles 
per hour or more. By 0&,30 we noted that there waa atune wind 
and hiUsr that we wore drill cul too far to tho east, iitul our course 
was altcreil U» allow for tliis, 

Tho low, black, conimi lu^akH of Gape EieJson rore conapicuoualy on 
oiir left, tinti with keen riirioclly w'o gaani ahead at tho great mountain 
range to he rresacil. Rohl anil rujqwil peaks, bare of snow, rwe 
alnioat sIuht to some foot aWvo «'tt levoL Impreasod w-iili 

(ho thought of eternity and imr iuBignifiennee, 1 tuUned tho new taouii' 
tains the Klorniiy Rungo, and tim throe must prominent peaks im 
our right FaitL, Hope, mul (’hariiy, bocauBO we bad to hove faith, 
and we hoitod (or dintity la the midst of aohl boApilftlity. They worn 
in atrjkirig cmitrast witll liic Ihit low poalL^ of tho Antarctic Arcbi- 
pcbgn which we had fijllowwl fwutli, peaks which dwindlml into low 
isedated uunataks as we neared Stufaiisaoit Strait. Tho range which 
wo woro now ortissiiig was loosely formed, witli none of the crowded 
topography of peaks and glucier-filU'd valJoys with croTaesed bottoms. 
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After 3 hours mouiilumB I^K!T]0«lh xtB gfivo plarfe io ft vftnt pofar 
xcfl plateau from i^^hkh emerged a few nutuiiftks, tho lixst ftjics o( the 
mountain chaid jw$t passed. Wo were flj-ing iit l0|0fK) fs^eti wliiciv 
was tlie avarago altitiidfi of our flight. During the first hmr^ of the 
flight we Imd comtauf two-wav radio comuuinicaElrjii Ixuwcoti I he 
aliip and the plana. BiU at tO.16 I loggeth '‘Tmii.%tTirllor out of 
actioUp Old}" thing Is to go on.^^ We had traYersed ifiOO niiJes mul 
woru yet 1,30() mJles from the Bay of tVhtiles. We sighted sdvoral 
Isolated moimtain peaks^ hut these sooii faded out on our right about 
1 (Jp 20. Fort 3 '-fiYe minute:^ later otlier peaks showed on the same 
i^kyline, and in another 25 minutes more mouiitoins 12f> to Mfl miles 
away appeared on our left horision, and also a few peaks to the righL 

Sun sdghls taken at 10.53 und IS.51 gave a fix wtiich appeared to 
show that we wwo more thaii 200 niHes west off our course; as mil be 
exphilned Inter tiie bubble sextant had got badly out of adjustment. 
At 17.00, w'hori hj I'^tiination we had passed out of the Falkland 
Islands sectori I legged: ^'Long. 80^ droppcnl Amerrcan flag urn5 
named the land up to 120“ west James W, Ellsworth I^ind. Wliat 
a thrill!“ One hour and forty*five minutes later we came abreast of 
a sulitary little range about 25 miles away on our left, symmetrically 
fnniied, with a eoiitrol pynmiid rising to L3J>00 feet. I named it 
Sentinel Range, and its ecutnd peak Afoiint Mary Lrmisc Dimerp 
ufter my wife. 

Hfteen mmiiLealatfr, ami IfKl miJefl tlihtiuit on ihe hoijrhem 
appeared a Icmg^ hlork, (liit-topperi range which extendod vbiihly 
ihroiigh at Icin^t of kvtiiude. This looked like the Irtsl of tha moim^ 
tains we w'oro to see, for ahead lay only a vast plateau to the horizon. 
At 2iJ.30 I noted: landmarks Tisible. Only a limitless expanse 

of white^" At 20.15 lkiIlick*Kcnyoo passed mo the following mea- 
sago; *4 really have no idea where we are but our enm^ca eiircrfitJly 
sl 4 K'rc<i should put us close in/* and it proved in the end Chat we had 
rrmojiieil irurprtaingly close to our schcdukHl rourae, within 45 niilcA, 
though our speed Imd hceu much lowuir than expeetod. We hue! 
been in the ftir nearly 14 hours; visibility begaji to get poor, and wro 
dotormined to land and take sights of the aim for our poaitiun^ fur we 
Imd ijo [uel to spare. We had no know^itHlgo of what the surface 
might be like, and it wins ini^ty on Che groiindp but wo landed ftsfidy 
at 21.55 on Noveniber 23, Ihough wo crumpled the fu^inge in liiTiding. 

This was the fimL of niir four londiriga during Che crossing, and 12 
of the 19 Itoura iieru were spent in faking obserYntion& to dicek the 
position of ibU our Erst camp, which wo will call Cninp L After 
getting one ptisition line, it wajj neccssarj' Co wtui 2 or 3 hours to get 
anciihar lino crossing tho first at on angle aiiflicient to frivc n reik^^iiable 
LEiiersoction, I went out om:o tr^ get excrdiifl bo( wcoti the ohfU'rvft' 
iionflj but the monotony of Uic terrible cxpsiii^o af orKlItisa while got 
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on mv Qorrfla, so tliat 1 wiw glod to fiet buck iiUo th(? four walla of tUo 
tent. Thofc are 24 lioura of daylight in tliia region at this time of 
year, ami timU toOi wears on tho nerves* Tha temperatvira woe 
16“ halo* frMKiiig. Dxiring ovir 10 hotira here we strung up tiio 
antenna wifL-s on t!iP hanihoo alodge poles, worked t,lio sltwlging-aet 
traiisfiiittor by hand, and kept on sanding calls, Imth gonoral and to 
the ffyaff Earp, but. wo got only one responao during tlio 22 days of 
ont journey Antnrctica^ iind llmt wuia: ran t hcjir 

Tho dead rockoning position of the cainp wna latitmio 80®2S S., 
longit tid# but our ground spead had iiaen niuch ovortaf.minted, 

for tlie position as determined by our obsermtions wha &0“20' 8., 
J04“ W. An<l wo had not then ovorccimo the trouhle witli tlie sextant. 
>^’heu its index error waa cventuuUy discovered and the aighia tvconi* 
pilled, it proved to bn 7^5' S., 102=23^ ^V. 'I'he snow on iho lugh 
nlatcau was gramtlftr and parked so hard that the skis of the piano 
made little impression. Tiia aurfajie elevation wtui 0,400 feet, and the 
nluteau extended adth slight undulatioiifi in all dirccUOM. 

Tin' Pol® lay ".'30 niilea soutli, llundce Island 1,550 niilos Vw’hind us, 
the roast lino' of the continoat several hundred miles to the north, 
and the Hay of Winwica 7Bfl miles ahead* It was hen? that I raiscil 
the ?Viiicrie^ Oag, and so far as thm, act would allow, cliumod the 
swtor between longitmlcfl «0“ to 120’ W* for the Lmt«l States, having 
already in my mind niuned it Jaraoa W, Klleworth I And after mj 
fai.lier. That part of the plateau above 0,000 feet I tailed Holhck- 
Kenyon riatcau. I Vo sot up our balloon-silk tent and took repeated 

Hltitmlc® of Uio sun with tbe acxtimt. 

After Ifl hours at Camp I, wo again took to the tiir at li.OO on 
November 24 in tadm weather, hut looking tiiick ahead. We felt we 
must push on, for our chances of a Bucccssful crossing were deeroused 
in proportion to tins riuip we lost at any otio ploce, l\o soon 
oneed low viaihiJity, and at the end of a .slmrt hnlf hour we wero tinnliy 
forced to lend again, with a ground devotion of foot* o wero 
aurpriecd at tho eiiBo with whidi wo could land or take olT on a luird 
aiirfflce. It n«|niicd n» more than 50 yards to ri» from the snow 
when wfi left the first emup <m November 24. This is all tli« more 
rcmarkahlfi sinoo we hml no asaisting wind, and since we were at im 

elevation of 0,400 feet above sea level. 

At Comp n, wo wnit«l ft days for good wf'ulher, trying etmnuousJy 
and eoDtinually, hut foTtunalely 11118 ) 100 , 1^1 fully, to fix our p<^t)i>n. 
1 say fortunately because the number of ol> 5 erviiticrnn we luado lien? 
werii UFoful later in tracing the error of our fcxtant. After getting 
only T^ 3 UK^U approximtvtiOM to oiir jMKsltioiip ou in grtmb 

uncertainty almiit tho precise liiractioii of Little America. _ 

'rhie wait on Novemimr 27. After BO miles, wo lamled m o f^', and 
ni 02.30 n blutTAnl was upon us. On Novomlier 2fe, 20, and 30 we 
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liy pU day in our alMpiog-btips wiUi drift nod gale roadting SO milos 
|M?r hour, iJy N^v-wiilior SO there were huge drifts nmimd (Jiu plautt, 
niid Uie cockpits were fidl of snow. We were uonhle to get into com- 
muniiiotiori with tite iryott JSarp^ alUiough on November SO we got 
three time ticks from Buenos Aires, Wc were 600 miles from Little 
Aniprica and probably hud not enough fuel loft to grut there. 1 con¬ 
sider this 6tfty nt Camp Hi as the iow-water luurk of our flight. 

However, vriih our pros;>ect appearing ao durk, our sii uuliou was 
iinproviug. At Camp III wo luckily thought ol the dnaple expedient 
of udjuatiog iho bubble of nttr Hextnnt on the nriow horiiHin when the 
index read rent, ThU ahower! that the sextant hud after tiie first 
ohserratioji developed an index ejTt)r of 82 uihuitca of urr, and liiut 
it had been nppnnintty ronstant. Wo reduced it to an uncertainty 
of about > 1 ', enabling iia to fix ow position mid lo net a direct courso 
to Little ,iVmeiica. Onco the sex tun t waa put la approxiiimto ud|ust> 
mont, utiT uiivigstion problem became a aimpla one. Ail ohssrvu- 
tions, except the very first one, wore corrected for the detcrmina^l 
index error of 82' and itie poiutiniiH niworked with impresjaivi* nsnits. 

The second obuervutton, taken in the iiir at ) 8 > 0 't on Norcmbi<r23, 
showed that the plane wus behind acliedulo, Tlio big rlaieropanry in 
the astimntod air speed of ]4fi milea per hour and the untnui gn^pund 
speed is accounted for by sevend factors: ( 1 ) The suitetitution of 
Hkiu for wheels ctiualng iin iinnxpoctodly heaiy drtig; ( 2 ) a sligbiiy 
crtimpleii fuselage which ultorcd Llic straiLOiline and thoroby rcdm'od 
ibnapcocl; ( 3 ) imexpect+jdiy heavy head winds; (S) low leniponituros 
which reduced Liio cngine-ptiwijr oiitpui; and (5) throttling down tbi" 
engine to save fuc]. During thn whole midsectiun of our flight, 
from tlie tiiiuj we loft Etomlty Itango until we Hlarteil on tiie dnwn- 
grade to the KoW' Bjirrier, tho prevailing wdud blew from the east 
and southeast, tJnly twice did wo have a tie rib wind, and then only 
for a. few irujiute». never had a west w'jjid. But these faetcra 
hardly account for tiio reduction of more than 26 percent in tho speed 
of the Poiar Star. Tho messun'i'd speed ut the ht^pnning of the fiiglil 
when the piano was heavily laden, and llm known Bpemi of (he plane 
on the last- twii legs, w/is ridatively niiicli higher, w that an r.xtremelv 
low ground spewl of about tta miles per hour wjts made on the first 
and most dnngemijH leg id tlio flight. 

On Ducamber I wo apent tho whole day clearing snow drills from 
tho plane, which was one solid block of snow. To crawl in among 
the controls w^dth a tcKcup and clear nwuy dry snow aa lino a,s flour 
waa tho worst job of alL On December 3, wa Ij-ied lo dtart up the 
machine, hnl Llin magneto bumotl out. It looked jl 3 though wo were 
650 miles from the Bay of Whales witii no hope of getting Llitie. 
Whan tho blkwipd abateri we were able to cut Hnowblocka to erect 
a Hludtcr to the windward of our rent, for h days, until December 
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i, the Btomi bold iis pri«>rit*«. in llio cunip. Our otdy exciirewn* 
side during tlie bliuiirtfd wore to tmt the wiroloss three times cJeiljr and 
to fill our bucket with anow for wnter. Our fond mtion waft 34 oiiiiroB 
a man each dfty> but wo were not obliged to adhere to the nliownnc© 
Ha wo ate only twice a day* Kven then we were never very hongiy. 
In the morning wo had a mug of oatmeal with ohunka of bacon boiled 
in it» milk, sugar, and oat biscuit with butter. Li the evening w’o 
had o mug of poininioati, oat biaouit, Hiiil butter, 1 tluive on this 
siinplf) diet, just aa in 1925 witli Ainuudfieii I never g^w tired of our 
moon of hot c.hocolot« momiug mid mglil, and pnmmjcimi at main. 

One morning we tried unsuccessfully u» start the airjilano inotor 
after warning it lor an hour. The situation aeomed bad, for wo weiti 
iMong bofied deeper and deeper in the snow'. Wc decided tliat we 
niii.st gat out of that hole irreapeciivo of tiio weather ehead, and iiflor 
S days in the bli]er,aril camp wo put the can via hood over the motor 
and pkeetl die fire pot inside for 45 minutee, as we always did before 
starting. Then we rxaiiked the engine. After n rouple of weak 
turns the propeller would atop witli a choke. Kenyon connectwl the 
stronger radio battery to tba starter and had the projieilar going in 
no time, \\lth the plane unloaded wa pulled out of the drift, toiuled 
up and at 10.20 011 December 4 wo took oif into a sky wkidi 

waft aoythiug but promiftiiig. But wo had not been Hying long before 
dm horizon becaiuo clear and the sky took on a l^autilul golden 
glow. 

At 23:10 we came down to get a night, wliich made Camp IV in 
70°a9' S., 163"27' W. It was a Iwaiitirul calm night, the Iroundless 
snow fields Bparkiing like diamonds. Thors wan no wind, we had 
left the high plateau, and ware only 145 miles from tlie Bay of Whalee. 
Onoe more it was good to be alive. Wo were now on ^rritcity ex¬ 
plored by Byrd and all wo wanted waa to get to our deetination. 

Al 09.00 on December 5 wo took off and at 09.50 roacluMl the nortli 
end of fioosevelt Iftknd, only 10 miles eouili of the Day of Whales, 
but we did not know thi» at tlm lime. From the air wo saw- the ice- 
free vrateis ol Rosb Sea, the goal of my 4 yenm of endcovor. At 10.95 
the Pf^ar Star slackened her spceil mid come gently to the anow, her 
■106 gallons of gasoUne oompletely efthimstod. Hero we made Cmnp V. 

On December 0, we ttug trenches to settle the skis in, waiting to 
Walk to Little America. Ou Det^embor 7, the anutheaftt wind con¬ 
tinued, with snow aqualls and temporaturs roimil about fiwring- 
point. On December 8, standing on tlie wing of the pbnio and looking 
northwest, wo uaw uDong a lot of irregular icc huninioidifi, llml might 
he smiw-covorcd buildings, wlmt Kenyon (houglU was a wind-genurat* 
ing tower. Was it Little Amp-rica? Wo tli-uight we wouhl trek ovtar 
oil our anowsboea, but after u 2 tinur walk we appeared to lie no 
uearor and retumod to the plane. 


320 ANXL'AL ly^l'rntT SMmi!^i:;>NlAJC iNSTITirnON. 193T 


Oq Di*cj*mW flj wi; packc^ti nur luuid skdi^ y^iih 10 days' ration 
juiil started offi, 1f?avijig owt t^nt with the pLaot-p fuid expecting 
Cud ebolu^r ui tha but^s. We iruvided U lulled of bcavy haiilmg m 
the *%afi tmov>% ajul os wo nonml tlio tower wi' naw liiat ii was oidy aii 
itie pinJuU'lo. liein^ without lent or soxtont tu !ix wlifiro we wurts 
wo litid to loii-vo tlio Bleil^e imi! returD to die plane for boiliE rested 
bJi Jioufj fuici hftck to the iJifJge at 03.00 on December 10* Wo 
m/ule t^amp VI hore^ and after 7 Lours" aleop took and fixed 

its position in 73^38'' S.p ll}3‘^20^ W. about 12 miim south of the Leud 
of the Buy of Whalers. l‘Jie weal her for 2 days had been [icrftH'ti 
with uu wiiidf iho sim ahltiiug out of a eioudicaa sky and the teiniiora- 
turo iiljove fiwzing. 

On Deeeml>er 11, w'o traveled 10 or 11 udJeSi aledg^Jug 1>y low auCp 
and had one bud piiJl over a crevasse. It wm W'eury ivork, aurj it 
seemed iis lluiugii we uiuat he in ihc wrott^ direction^ for the 

newr-ondiiig expanse stretched on forever. The low itighi sun cast 
a dull glow^ over tho ice fields Avitbout warmth, idtbough the aky was 
cloud!e.ss. Sudd on Jy I told Kenyon I cctild eee a lino of !)hio water 
on the boriigoii* It ivtifi ihe Buy of Wliales^ and w'e had been traveling 
rnuch loo far weat. 

On Dei^emlwir 12| how'everi although we marehcfl 12 luilee^ wa were 
unable to find tlie water wdiich avc hud seen Uio Any hi!:fore. Oji Decem¬ 
ber 13, imvehiig enlircJy by compaea a$ hofore, in misty wefitUor with 
sDow ilurrieeij wo made another 10 miles. Wo approached a fidge 
and hopoil to get an extended vioWi, Toppini? it, we lookoi] straight 
down into salt watcfi Wo bad boitrJ tlie Uj>pujg of the waves and 
tliouglit it was the wind hut it really was the sea nt luaU 

On December hip wc roconiioitered and hi Uio evening look ^ alphtp 
to fniil we had Lrnveleil about ID niiles too far northp and must go hack 
south. W'e judged tinit we were iiL the mouLlt of tJio Bay of Whaled. 
On Decc^mher 15^ we Iravele^l 1.1 milca and cumo^ et er-sur-mc^’^ 
Bynrs imltnnliiig pluce, upon two tmetora half-buriDd in siiow\ Tliis 
gave us our pi^sitioUp so we drugged on up the east aide of i.be hay, 
topped n riscp and looked down upon tlio most tleaolate rcmaiiis of paal 
hubitutiou 111 at I have over witnofised* only a lot of mas ts and the 
stove pipes of huililhigs stktking out of tho imow. We broke lliougb 
ft glftE® skj Jjght, ftjtd wcu^ ship lo let ouraelves down into wlmt proved 
Ui l>c the mdio shiick. 

On [IcfTiiilwr 16 wo i!ug a tutuicl and made step^ dowm to the door 
of uur shark. We found coa^ gasnliuc. and some welcomo storrs> Wo 
cleaned up ovruythiag, and settled doA^ii to a routiiio I* await the 
ftnival of the W Earjh Kvoty day 1 walked 6 mil«( down to tlie 
miclors where we luni jiui up our lent, with two ytdlinv strcftWHsra atid 
a note that wo were al Litlle Aniftrico, so that iho WynH E^rp couitl 
know Avheru we waneH 
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Oil ilttnujv^ I5p A moiilli nftw wn amvotl fit liitilo AtncncOi I wiui 
awakoaod At 22.0n to sea Keuyon atandtiig OTW me with a note in Lb 
Imn il n« Lad hoard tlie roar of a motor overticadp although our 
■lugout home was 16 f«t benoatb tho snow', and had crawled up to 
liie surface in time to see a pamcbuto deacotidinp tlvrough tho fog which 
had enveloiwd tm for 2 weeks. Tlie parcel contoiniul food, and the 
note was from Captain Hill, comoumding tho R, R, S. Z>i(fCOwrjf JL 
Within 10 daye after the failure of our radio the ComiiionwcaUh of 
Austrulia had sent a relief eiipedition, and Imd lieen secoiidcHt in this 
by tho Cloveniiuenta of the United fCingdom and New 7*caiajid. As 
I WHS laid up with an infected foot, Kenyon atnrtetl <iiff alone to meet 
our visitors; but I oould sleep no more that night, and started out m 
snuwshues to loam what was up. A mile from camp 1 saw through tlio 
fog, which inagniried frightfully in theaa regions, what appeared to bo 
a W'holo omay of men marching toward mo; in reality there were ax 
of them. %Vo packed the alatigo iind stortwl for the ship, where 1 
was received with opai anus, and learned that my owTi aliip had been 
dehiycd by tho puck ico in tho Rtm Sea. Tliroo tleya later a radio 
meseogo told ua that tho iUj/rt/f Jiktrp was approaching the buy, (Uid 
veiy soon tlic staunch Uttle craft loomed up in tile fog, Wlule my 
party was loading tho Polar Star on the IkVitH I went on tho 
i>iecoi*crp IJ to Australia, whar« I was for 12 days the guest of the 
Govenimcnt. 
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MOVING PITOTOMirKOGaAPlIY ^ 


By \\\ K. 
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Fftr n long time tho microsciopo eervod die purpet^ of i>b#itrviiig 
uniall unimi^h^ tissues, nDtl eella without spociftl proparntion. Hie 
desire to see more siid to see better finally tod the histologists to 
inrent all kitiils of tisJniiques of ItxattDu and colomtLon. Then 
Hcieiiibit? relumixl to ttie metUod of examinatfoi] in vivo as mora 
certnin. Tile perf^^tlun of optical instirimetits (lioniogeneoua 
imnierBinti^ blaok biickgroii£idj etc.), the prdgrc8s of majuis for pn4ie- 
trntioii of ttio celLSj ^mh. os tho culture of die tissues tti vitro and 
micTonnuiipulation, pennits tbo exTiarimonter of today to observe 
tbo relictions of the cells during tbdr life activides: Their direct 
roactionSf their movemenls, their divisionsj and tlielr difficulties. 
Moving pbotoniierography lends to tboso new mecarches its clearness 
und precision of anidysb and also the posaibililj of mukiug vi^le 
nil tho movements of the cell even when tliej niny be too alow or too 
brief for our ejea to see. Xn other wordB^ it raises ntirn>scc:tpic space 
and time to our own 

If morlng fdetur^ ore ttio :^pleiidJd ncluevonieiit of the Liimi&m 
brothprsj moving pbotomirrographs are that of anothor Frenchnian^ 
Dr. Comandon. The sctiia! reEUi^ation is the termination of 
pokisiakiitg reaearob of more than 25 venre^ In these past 15 years 
Comondon bos fo-imd a valuable collaborator in die parson of 
De Fonbruno, who ainong oUier imtmrtanl dwcovonea in tlie domain 
of moving pliotikimcro|;viiphy lifks Invented tlm micromonipuiiilor 
rte^rribed in No, 2967 of La Nature^ 

little by littloj tlic microscope and the appiiratus for taking pic¬ 
tures have been adapted to each ollior ti> result finally in Llie present 
apjmrntus^ ii vcritsblo UtUe factory of very I%b preebion. 

The apparatus conceived by Dr. Coinaadoii (pL 1) is composed 
of four parts made os iiidepcndcnt of emih other as po^ble to 
prevent vibrntlona communicating between each part and in par¬ 
ticular to tbo microscope. The dUTereni partrt ere as foliou^: (1) 
A largo table on which ia placed tbe optical lieneli for photo- 
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loicrogTHptiy. U siippprta tiie Boureo c*f itlumination a, thn toii- 
dcDsera, and tha conden&ing Innses; (2) tlm micrwfOT'* placed on 
a socket rating on a plalform freo of vibratiotla; (3) a licury inctal 
straciure that srifportn the movinp picture appamtiis /: aiul ft) 
u liUemt steel tnblv on which nrc fixed Lite movable parta anti tho 
ah litter d which periodically cuts o(T llio %ht rev botw-oen Lho lamp 
and tiie microscope. An ulcclric motor t placcii iindctr Ihla tiiblo 
on the floor uctivutea tfio rUfTcrotit movamanta. 

Tboao four parts nnd Llm d(*c1.ri<j motor have their liases sealetj 
into a conerelc block sank into the floor. The vibrations pmductnl 
bj’ tlio fuuctioJiing of the appanitiis ns well as tim vihmtiona of tJio 
street and huDduip are easily reduced by tins Ini^m mess; no vibrn- 
UotiH wliatcvcr are transuulted to the optical part nf the apparalusL 

Tim iargo photogiapliir niiciOficope e with its <iilteraiit opikul 
combirat ioiia of objectives and oculars w gcnendly ii#hhI for the work. 

Tim sources of illuinination differ nceording to the photographs 
taken; they itre; An arc lamp with continuouB euirent of 20 amperes, 
or mi ihcandascent lamp (automobile bcod light of 100 condlepnwer^ 
12 volts), or the KoGhler appnnituB—a spark between cadmium 
eketnides, the priem and optics of quartz for moking moving pictures 
in ultraviolet lipht. 

The upper purl of Uu' talik, supporting the hinip and the optical 
bench, is placed on a alitlu scrowcti Into tlik heii\7 stricture. It ctiii 
thus be shifTcd liorinon tally, ]iurallel to the optical bencJi, ipspecially 
when it is deairahlo to photograph propamtiofis in a verfiral posiTion; 
the niicmscnjK! tubo is thus inclined about f)ft* horizontally to the 
axis of tlic light ruy projected by the lamp, A prism with totat 
redcctiou^ fixed to tbo ocular, rellocts the light ray formiiit' the iiiituro 
upw'ard vortically to the center of the window framing the fihn. 

Generally, tlie photogTajdm were taken b)' means of Itm vertical 
niicrobicope as tho fihotogrnjihs ahiiw in plates 1 ami 2. Tho Jigbf 
ray falls on llm centar nf the mirror of the microaettpe, then ia ndlectwl 
perpondiculariy according to the optical axis of the inicm^iropo, and 
tonninates ns in tbo jiroceding at the window of the appriretus, 

Tbo apparaliia for taking tho moviiig pictures / is a tJ. V. Debrio, 
tiiodtfied ncoordirig to the ilirections of Dr, Comandon. This rcmtirk- 
nblc apparatus of groat spee<l (which was creatod liy Lnfar^Iy' permite 
taking inoro Lhun 25(1 views per nacoiid. At tlus speed, Llm system nf 
outdiea which pidU Ihe fihn causea tho aulistitiition of one imago after 
anolihor in Icsa than one five-bundrodth of a second. Such great 
speeds are used in iiioving pliototnicjnogniiphs only for iinidping very 
rapid Qiavemeatsf at lower speeds, tills apparatus liita tbo great lul* 
vantage of tncrcscing the length of dmc of i>o!mj for llio usual apeotU 
of tnotioii pictures. 
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rjy ft slight, modijicfttioii af 1 U 0 G. V., ft porioti of pOMs ia obtaittod 
wliifti b five timoB longer tbftn tbo period of juggling or closing, and 
Ihie is for ft speed winch rnn exceed 32 imngcs per second (the tiomuil 
Bpood being 1« iinugos per Bocomi). Tliis residt is attninerl by mewiB 
of ft cog tliat mift^ llio cotchoa and prevente their inking up the 
fterfomtions of the iilni for u duration ihni would correspond to three 
itnagce if tliefie cfttcheo were free to work. At the moment which 
would oorrespiiiid to iho end of tlio peso of the fourth inuu^, the 
catches are lowered ond dm mi along tlie film the length of «n image, 
at ft speatf three time® greater thuii ihai of a nonnal ftpruinituB for 
(he wiiuo time» 't'he time of poso is thus twice aa long as in the m^w- 
IftC apparulus. Tins is on im^jortant unprovemciit iu tho photo¬ 
graphic utilmtiou of time and light flux. It permits making mosiiig 
|deturea of dolicftte aubiects that are sensitive to the light, by uuliiung 
ft weak light source whih* keeping the ropie) time that is ucc^itated 
by the epcetl of their moveinonte. 

All accessory urrangrineTii proviilcs for a rwwrd of the time ou eocli 
ttiiftge, which shows the exact speed of tlie photograpli^ taken. This 
record is obtauicd a-illi the aid of a very Sfnftlt ohjecrive placed oil 
the left side of the apparatus which by means of u prbm in a circle 
of 3 mini meters dbuictor situuiad in on upper comer of the film, 
gi\t!s iho imnge of ft duonomotor aitli 11 imnsparent dial {i, placed a I 
ft detomiiimd distance in front of the objective and lighted by a little 
iucundivcent lamp h. Each image records thus the minute and even 
the fraction of iwcuiid of the pose. By siilwtituting n thermomelei 
or galvanometer needle in the chronometer, there can nliui lie regis¬ 
tered the totnporfttiiTo, the direction of an electric current, or any of 
the other comlitions of tlui experimont. 

The moving-picture apjjftrfttuB fixed solidly on «. ^ide can be raiflOtl 
Of lowereil nlong the cast-iron, anu with a miniiiium of effort by 
mcttfis of a rt^ulfttiiig wheel 1 , W^hen tt is raised to t.ho maximum, 
the experimenter can look into tlie microscope and observe the. prep- 
tiruiioii directly. At the moment of photograpliiug, the apparatus 
is plaeod ot the <lisire«l distance for a doUinuined eiilargenient Uidi- 
catod by an index which slides on a motrin nile j fastene<i to the iron 
structure. The jttiicilon of tho light between the micmscoiHs and tlio 
film is obtuiiuxl by lucaiis of u luolkiwa with ttJi eattensiblv drnfti 
j\ii im(>ortajit iinprovottioni applied by Dr- Oomautlon is u lele- 
scoiie system tr and a prism that not only makes poesiblo di^ct focus 
upon the film hut alsti coiitimious oWrvntioli of tlib w^le phot^ 
graphing. The moving objects con in iliift maiimir be muinliunod in 
the field by adjiislmunt of the microscope screw mid olisorvation cun 
bo continuiHl without interruption of tii« niicroscopic prepiiration m- 
floctftd on the miexposod liliii, in iho satne tnanner thot a pliotograpli 
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uliown ilie nbject or the ^ubjecit lit Uii> iitiutogniplu^r on ii j^und 
plncorl m foctw. 

The app^Lruiijfl b nin by no motor of 0.7 horecpower Bcjilrxl 

directly into tho eoiicrcle mnsoiKy. KomioUy it gives ravohi- 
LiDrifi per mhnil.Oj hul. fbis epccul ttin bo rwJmwJ by ni PAiut of 

^ rboosta^t, 

Tlin rnovcritent of IJm' motor h tmani nit it'd by a lioll to a borizoiitsLl 
iiitermnlmte ioipportiikg several piilloyB. By inmm^ of tlm md 
finothiir lieli^ the nOAfion b ronimunicjitfHi to lumUior horirontid 
oithnr din^ctly or by Tneans of speed nedneerSp Tbb sbnfi 
oporAies the rftmero appnrntiis and shutter; the opemtion is time 
mAintAtnod perfectly sraphronouB with that of lIja movirH^-picturo 
apparatus. Tlio fipemi redtjeore are tied very conveiiiently on the 
slot of tlie ial«l table; they can he dam pod ono following the other 
90 that tlip litai one r(M>eiviiig Iho niovement by a lielt of the 
inediali^ abaft it| ndueeil in spoofl to n seeoiici reducer^ 

then if nece^ry to a tluril. EacJi nuJuror is cliamrleiir^J by iU 
coemcient of reduction and on combining these coelErinnte, the varied 
speeiis can \m obtmniHh 

Tim shutter is a bidaneed iseotor that cuts the light ray as near 
as possible to the mioroi^copo. In this inaimerf the miritisoopic 
preparation is neither Iiglited nor heat«d iltiring the Umu of dusitigi 
ihijR taking rare of the tlelicate iiiicro-rirgRrusiiiap 

The miemseopt-: can be ondiisefl in an eh'ctricalSy heated chombor 
n, and in thfe way thu propnrntiun can l>o Tuamtained at ri const ant 
favomhle temperatwro just as in n hacterioln^gica] diainher. Tim 
front Bifle of this chamber is of glass whidi pennita passage of tight 
rays> The o<?ular emerges from the upper part of tho chamber^ and 
at a coil von ienl place on the side are kn(dn> for roguTiitiiig the focus 
and the movements iif the jiiijTf*r (pi- 2). 

To prevent u loss tif sevoml metept^ of fdmp einco tlie nppariitus 
when itAii4>d requires a rertain time for Htopping when the dectric 
current k cut, Dr. CnmancJoji hus added a hmke to the shaft of tho 
motor, 

FitmUy, a spadiif njiorating part, Invented by Dr. Cnmatidon and 
Oi^ FonbrnnOi eonttYjhcd by a chroiiometer^ pi.^rnijts ^tting the 
apparatus jLEiionmtJciLliy mio niovDJcnent, stopping it, and uLarfing it 
up again iti the ond of a dt^ired time. In ibis fa^Ljon tlie photcH 
gtiiplis can be iniidc automatic4dly at any moment fixed in advice 
by the operator and hIbo during hh absonca. ITie time recorded on 
CAcIi image fm the upper comer of thtE filrn) shows the exact lime at 
which any modification or fpovornent registered on the fiLui La produced. 

Another problenti not toss complicated.^ i;oiisiiitB of guartlmg in 
gooti condition tbo life of the organiama and ccdln that luv t>cmg 
photographed. Two oceiissoiy parts ran Ih» utilised, for thin purposer 
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The iitiprovwl moist clismbor {of RsnTier) Atiil the oi! ohimW. The 
unprovtfd moist chiunber (fig, t) cojiaiste of A gleas slide on which is 
Attached with sealing wax a Hat glass ring about 15 millimflters in 
intoriior diameter And 1 raiUiffieter thick. This ring baa no ojwning 
2 to S millimetcm wide. It is covenKi with a covor glass that is 
^aled to tli« crown hy tueans of a tlibi lAyor of rascline. The medium 
and the objects to be vbeerved ar« itiLrodtiood tlirough tbe luteiAl 




opening ot the ring by means of A fine pipette. \\TMjn the pipette 
ban boon removed, the lateral opening is dosed up with a stopper of 
viwlitm. 

TIih proTkion of endosed air in this moist diamhor is generally 
eulfideiil oven to satisfy the need of lArvao during their hatdiiug. If 
necessary^ the air and the medium can be renewed tlirough the aaine 
lateral opeiiLt^t. 



The oil clmtiiber (fig. 2) conalfita of a large dri>p of od of vaseline 
piaml on a cover slip held hurisontally hy uienna of a UtlJe support 
plncoJ under the microscope (figs. 2-A and D). The center of the 
drop of oil just to the point of contact W'itb tlie gfa&i is pierced by the 
point of a firm pipette eonloiniiig the medium and the iiTing organisms, 
The pipotto is connected to the mouth of the ojierator with mbbt^r 
tubing. By lightly blowing into the tubing, iho ntiueous liquid b 
made to leave the pipette and spread out on the glass under the oil 
















328 ANNUAL UJiT-OIfU aMlTIiSUWUN JXJl’nTUTUtX. m'lT 

(fig, 2-B). The thickness of the layer is then regtil&ted by inlinluig 
the excess of the liquid until the cells arc lightly com pressed between 
die cover slip ejid tho surface of Uia iiil (fig, 2-C}, Certain mritllc 
orgunisiiis, such as mtifera, larvae, or cilbtcd InfuBoriH can Ihus Iw 
rendered uimiovable. In the siime ttionaor, uxcoss ttf oil can lie 
removed. The aqueoiui liquid, tlmaks fo its adiiorenco to the glaaa, 
fcitins a thin layer under the oil, 

Owing to dll these iiiiproverncuts, Dr, Conniiidon has nmde womlcr^ 
(ul moving pictures with tlie microscope. Our readers can roudily 
appna^iate this by exatninhig the few views reproduced here, aitliougli 
they uro inanimate on the pages of our aiiiciu. Tiie lilmA on the 
hUtek buckgrounil art' inmlo by using the ultraiuicroscnpe liglitod by nn 
eiectric arc. 

FLKpnODUCTlOK OF AMOBBAB 

Wlien numerous itniccUnlar organisms find themselves in unfavor¬ 
able conditions, they undergo a change of form. C\]rtain bacteria 
become deformed and go into invoiiition; certain protozoa cncyst- 
Wbon the medium Totums to a favorable atate, they mmo out of tlie 
cysts and resume Okht customary shapes, Plata 3* figure 1, reprtisenia 
Gvo amoebae w-hicb Lave been encysted for tiavord we^s. Tbeir 
praloplasni is in a slate of corupleta ropusc. At dieir tight can be 
seau a wondering amoeba. The diatnoter of these cysts k from 
0,0J 3 to 0.016 millimeter. 

Figure 2, which follows, taken at 4 oVIock, shows a cyoL on tbo point 
of breaking. Tbo projection ebows die very lifelike movementA of tho 
protoplasm of the onuicbu in its cyst and a coritrwTtile vacuole hue 
nppuartMl. At 4:3G, the amoeba team open the cyst toward the right 
(fig. 3}, fmd ut 5:33 the young amoeba escapes tbrotigii tins nnirow 
opening (fig. 4). 

F^re 5 shows a young amoeba which is beginning to take nouriali- 
mont; It has already wdlectoil sovcnil biictoriu with the posterior port 
of Its body. Finally, figure 0 represents the most usuaJ modo of 
reproduction of the amoebae—simple divkion. 

DIVISION OP TllYPANOSOMKa 

Tbo trypanosomes, Htuong which tins found species pathogenic to 
tuiui, Ruch iia TfypatiWionta pamhimne, which k tho agent of sleoptng 
sictuieos, are Protozoa. Tliey generally rmiliiply by Itingitudiiiul 
division ns shown in jdate 4, wliorc trypaimeomea are sbowu undu¬ 
lating among the spliErieal red blood corpuscles in the Mood. 

THK UKB OK AMOEBAK 

Plato 5, figure i, shows an amoeba taking nourishment which con- 
akls uf an alga. It is 16 minutes 50secnitda past 11 o'clock; n pseudo- 
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podiitjn f)f the amoeba is on the point of cngulfiti;; tlie exlremity of 
un oscillating The pseudopodium progressps alimly about lh» 

alpnl filament as sha'A'ii in ftpiiro 2, taken 55 seconds later. It finalJj 
^ntiidmws, caxTyuip with it the dgal fUamont which penetrates a 
small distance inU* its protopiofim (%. 3, taken at 11:22). It is by 
similar mocementa rcpcatetl mojij timea that the amoeba absort>s 
the entire filament. 

Certain amoebae are aJiKi nourisliod by the protoplasm of cells of 
molds. In plate figure t, tbotie are showtt two amoebno braced 
against the siune plant cell and attacking the celinlose membrane; 
the lime is 11:2$. At 11:28, tho airiocba on tbo right has pierced 
die wulJ ami absorfM>d tho cell conteata wtiich pass into the amoeba 
and form a large vacuole- At the same dmo, the other amoeba 
detadics itself from the support and moves away Cfig< 2), 

KARYOKlNtSSlS 

The following picturiK wain taken tif tJie red blood corjmschs in the 
iiiotlHir cells of the Triton, tho diameter of whicli Ls Hboiit 0.02,'> 
rnillimoter. Tho nucleus, which b very large, occupies nlmo?t die 
put ire cpU, arid like the cytopliisin of the rest of tlio call, U b rclntively 
opaquo- Ploto 7, figure I, Ciikon at 7:3fi, shows a cell that b* ready 
to divide. Tlio protoplasm ia auimated by very slow movements, 
dillicuU to dbiinguisb by direct oxammauori, but dearly visible in 
the projection liecause of die eiilatgement (nbout 50,000 times) and 
the acceleration of tlie movements, liie speed Iwtng multiplied, 
according to the ca«o, by Ifl, 4B, ) 12, and oven 480. 

At tihis early stage, them may bo nti^n'ed a rotation of tho nucletiHi 
in tho plnno of tho preparatinn. This rotoLion may l>e, in one case, 
300* in fi itiiiiiitoi, in another case, nbout 225* in 23 minutes, in a third 
east), liUmt ISO" in 27 minutos. Pruliubly this rotatbn results from 
■ ho cffnrtii of the nucleua to embexi tleclf into tbo cytoplasm beforo 
rUvisbii. 

1'hcro tbpn ensues the gradual formation of the nudeur siiircme; 
the disappearauco of the nuclear membrnno is very rapid (fig. 2 
at 7;4r>>. At this moment, tho daformatiotis at the pnriphoiy of the 
cell conso abruptly, 'I'lie spireme becomes loosened and forms 
strands wlddi are goDenilly placed at the pertpheiy of the cell and 
in the plane of the prepare lion when tho cell is lightly firesscd with n 
cover slip. The txanavcmal division of the threads of the spireiuc 
gives rise Ui the chromusomee which begin to form tfie equatorial 
phitc (fig. 3 at A:27), In those chrornosomea «tiiat«tl ill the focal 
plane, the phases of the longitudinal division run bo followed, then 
the migration of the new I'lcmcnta towurc) the poles of the cliaster 
(fig* 4 at 8:35). The ehroinouorne# then group to fonn two daughter 
nuclei (fig, 5 at $:42), At tho moment of the constriction of tlie 
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proUjfilnfimp thm vjkn be fiber* thut nm pprjHiruliDiifiiTiy 

to tbe plaJic of ^dgmentulion; thrao nr© the ciOEneiiting fd^neuls of the 
spinrile (fig* B *it BiBl), 

Wlirlo tho nuclei of the two dfiughtor ccile ivre Imng comalniot^^, the 
cKanictemtif: elieekerboard amuigeuient tekeo by tho chromatic 
riotwork may be observed, and there is also ootb-oable a progresfltve 
darkoruQg appetuTunce of the cytoplasiri rBu«e<l by the homoglobin 
{fig. 7 at B o’eJcK^k). 

The daughter cells directly after ceil dhiHion inked place pnsenL a 
Tery atrildng lebulnr &ppeanmc« whicli progressively idumged unlil 
they rptpmi to their definite forms (%. & at H oVlnck)* There 
ran be seen in tlie upper right of Ibis latest picture e leucocyte tmv- 
emng the photographic field. 

[TAE^fOL^'BlB OF TtlK HL 00 f> 

The pUotoinicrogmphs of the hoenioljrsis of the blood give a biisis 
for judgment of the hypothesea and theories made rcgnrdloi? the 
sirurtiire of the rc<] hlood corpuacleSp which Lmve bean rontmdirtory 
tip to tins time of the ImpGrrectionii of the metuLs of ordiunry 

investigAiionB, BUrh m T.lie microscope anil the ullimuieroscopG. 

It should bo rnnembOTcd that the diameter of the human rwl blood 
corpuscle is about tl.0fi75 milUmeter. The reil hlooii corpuscles of 
Reveml mammela when in contact with hypotonic solulion first 
become epborica]^ IbiiJi uiideigo a nUgbt shock and gradually become 
pairs, showing a contour that U scarcely '"iaible (pi, 8, fig. I), 

The human rod bloCNl corpuscles in lui neidulAlcd aoUdiim (l/lpOilfi N 
hydrcNdiloric acidi fo? example) swell up, tJion liuretj dvere may then 
be observed a white turbidity that starta at one fwint of the peripliery 
near the ejcterior, progressesp and soon forma a circular region that 
reaulta in the flocculcnce of the protdns eipell^id from the globulo 
(pf, ftp fig. 3)* 

With the action of hUe, the nudiMited red blood i^orpusctes of the 
Triton seam to HOftimr changing into a cylindmal or abuttlolike form; 
ihen their walk dismtegfate, ctmirnanciug fiI n point on the periphery, 
anil this destruction prmTcoda very rapidly In all dim-tiona. It is a 
sort of stripping of Iba bkmd corpuscle, iha coEitcnta of wldch are 
then ciispeised. As to the human red blood corpuscles, die inudificn- 
tlon of the mombmne nnd the dbpemnl of the globular contenmi in 
ibe presence of the bile, take place so mpblty tluit there BOoms to tia a 
veritable explosion (pk W)* In the rod blocNl corpuscles of the 
batmehiom there insj oftaii he obi^vr.il nmnialed pariicli^ with 
Brownitm movemant that are freely displncoch 

The contents of the red blood rorpuscio then seem to be- liquid* 
If ihara is a stroma in tlm interiori it must ha conipi>s 0 «l of n few and 
very fine filaments which are invisible even in the uJtmmicroacopQ. 
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After baeniolyais no stromu can be lioLwtcd, and observations ilmgreo 
rofSfding ita* presence. Thus in Lbo pre|mration of Lite blood of the 
hen coatiiining SpiroeJintitt (/(lifiwarmrt, or blood of the rat infected 
with Spifvthttda dvUmi, the tulorleas, funitnolnted globules Irwjnonlly 
lioninio perfectly motile Spimclmetc# whitii aecm to Ihj caught in a 
trap [pL 8,%. 2) and which are unable to find t!ie opening at which tliey 
penetrated. This indicates that tliore was a memhnine at the timo, 
and an o{>cuing, and that the stroma must be veiy loose if it does exist. 

As may be iuiiped fitmi thoBc few pictures, Dr. Coniandon's films 
sre extremely clevw. They have excited tiie enthneiasm of schokre 
in the rongresaes ami seientUk aockties where tboy have been pre- 
aenU'xl. They prove that moving pictures can add new and precise 
obsorvations to biological studiesj and Uiat Ujey can furaiali irrefutable 
rceonta, the analysis of which fiirthora research, as well a.s prelections 
which fikcilitate tnstrnction. 

the means of defense of the OEGANIBM » 

WTjen an infectious disease is raging, certain individuals perieh, 
otben? becOfiie sick and then recover, while still utlicrs are not attacked 
by rJie <litMviiW. The rffidstnnco to infection is deeignaicd liy the teruY 
itumuniiy. The meebanios of immunity arc inoluded among Iho most 
complex prehkms of resttareli studiwi by bhilogists. 

rnArjDCTrffijiB 

Metebnikoff, a studi-nt of Faxteur, ramie known in J882 oua of tlio 
most BCtivfl iiierais for ibo fiefeiuie of the organism ngabisl palbogcnie 
agents—phagocytosis. WliiJe observitig the out-ritioiia] prtwess of 
anijoebao, tills scbolar noticed that these very simphi imireUulw 
organlsinH on arriving in contact with n food pnrUcie emit pseudopodin 
that fiUfTOund it and, after cuclofing it, engulf it. A vacuole forma 
aboilt tJie particle tlius ingested; a true digestion proceeds: at the end 
of a vaitable period of time, according to the tialtire of the particle, it 
disappears. A large numlKw of atnoobae feed on buetcriu {pL 10, 
figs, 1-4). Tho tiiOiie proccM is obsorveil in other Vrotozon, 

But our own urganism posaeasea wliite globitlea, called leucocytes, 
wJiich, by their morphological charocterfi, t'resiti't auaJogies with ccF' 
tain nonpathpgcnic amoebae. In the healthy human organism, there 
are 5,500,AM r«l blood corpuscles nnd 0,000 to 8,<KK) leucocytes to tfie 
cubic inillimetor. 

While observing thi^ behavior of Uio leucocytes in tho presence of 
micrubw introduced into tii« blood stream, Metdmikoff found that, 
like amoeban, the louoocytoa cmitred jMuiidujjodia, engulfed llio 

i EtfTfOb'l pafiMv imdtf Uw fvcHiii: IHodltif tftMffll ot Lli# 

mitKiBi/' Wktf* hvtn44 ffo. Aptf Urtftk an tiWWii***"* 

Uj pvtoMtky Ibihijw l&e tfpt iwdi Llibl ii iLikd br lb# Utw pl>Q<fiiEi4cTCw^ 

inE»b¥ lu inuU latporX43Hi buuiuu 
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microboA, aad iligeatiMi tham (pL 11 ^ fi|^. 1-3). Hcs tlieneforo gavp tliem 
tbo ziKnic^ ol ttml called tlia plieuouicnoD whicb he Imd ju£t 

dis<3ovpred 

The pliagocyt^^ «re endowed wiLh metiiJty and seziuitivenesa; 
tliey diroci thetiijwdyes with CArtuiiity to the focim uf ttie niicrohe^. 
Up CO this titne^ ^ence Im* oot been abb to t«ilvo tlie mj^loiy of 
how the phai;ocytes wkicii are far fnjm Uia point of hitroduetioa at iJic 
mlcrohcs ore informed of tlieir arrival. All llmt is knowjcit is that the 
phaj^ocytes move nboul^ (thoy Lraverso 2 iiim m an tjoor by meims of 
llieir amooboid iQovcmenlSj nciTonduig to llio loovinj^ pliotoniirro- 
gmphic readiD^)i imd Lbisy tun go out from the bli>od copiJlnrios 
(diapeileiiis) io slide betweeu Btaiionary crlh^ hi tlidr efTurt Up roach 
tbo point of infection. 

Two cjLtegorii^ of plingocytes are dcscrilxid: The pmallcr, or 
microph^*^^ ned the more voluminous onesj maert^pkage^. It is iJic 
microphiigcs etipeciolly that rush to the attack of iji^'adiiig titlerboi^ 
anti nb^rb Lbem. The mocropbagos hitorv^one tii the oombuL os tbo 
twrguurd of iha micropbiigr-Sr ^ hen one of Ujo latter succumb!^ without 
tiAviiig iligeated the ul>!3ori>v4l riiuirolH'ii«j tba muemphttgo apeedily 
ingests the miorupbHge cnmimiNl witli iiiicmbiim elements. 

jUmotit iimnediiiLely after tho pcnetralioti of bacteria into a living 
organiHin, t.Le micropbagea nisb to the point of infection (ph 1% (ag. 1) 
and comm an Ro to engulf the intruders, A true batUo tokos place 
flig. 3), The reinforcemcnis of phegocytcfi eontinuo Lci coiigri^nto^ 
liticl their iiuniber gcnenJly at tains Its niaximum afler 10 to 2-1 hours 
(fig. 3). The muorophagrs whioli in the aplreui the lympUatio 
orgimSp and even the connective Ussuc^a Pirrivo later, after ® to H liouw; 
they engulf tha damaged celts and the inir:r4Ji>liii>gci!L that Imve sue- 
cumb4^d« A single macrophage is ropablo of absorbing imm 3 to lU 
inicropbagcs crafiiuieil full of niiiTobes. A jKtlyjiiorp bo nuclear kiu- 
coeyto (niierophogo) iLself cmi absorb as niuiiy aa 2ft uiicrobiun sporea. 

Tlio li-ttackinf? mlcindlxs on their part attempt rcfbiauce. Curtain 
onna, auch as ihe> teUniLB baclltus, flecreta a toxLi tlmt rctmovrs or 
ileBtmjn ibo phagtiojtc^; DtliPiBp by tbeir prodigiona ujulLip]icalxo]i 
ovenntwsiire the losses nnilergono; tht^o wliich are nmaired witli ii 
gUitinouu ca}hmki (tho ptieumococcua and the tetrads, for example) 
or waxliko eaiisule (B. lufirrcrifo^w), or those which linve time to form 
spores (nntlirax bacteria) resist tlio pbii^cyte aggress urn. They 
producu new generations of microbes among Uio phagocyte wliitdi 
are oJrcady enfallied and tfaua iufectinu apreoiis. 

The phagneytu! dideitHu b piirticularly active at the tonsil loveh 
t»ecaiiaoof tho mucus of tho digeotivo tube niid the mucoua yecrotions 
of tha iligetilivw systoui, at tJie weakoat whith uro in contact 

with tho exterior environment, 

H should he noted that there also exist in several nrgana fixed elo- 
mcntA (nrmvtiotile eelln) aiicli as the Knpffer cells of tlie liver and the 
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reUrulocTt€B wlikb are eapeblo of dwtroymiir bacterie by enputfiiiu 
them hi the Bamo fiwlvioa ae do tho pTisgoQ'tes. 

To MftcSmiknl! bdonp tbo great merit of bringing to light the 
roJe of tbo -phitgoRytca in the natural definiflo of the oigankm, but 
contrarj^ to liiu opiiiiotJi tbia meaita of dafeueo bi not tbo only one. 
Its bitorpretatioii, wlikb la too exdusive, raised uumerouB eontradtc* 
tbna, GspcciaJly in Gomumy, It cauaod a true Bciejitific war of 30 
yeant. ^\liilo "MetohnikofI add liie pupik insisted tlvat the principal 
factor of uiiiminity h pbagocytoak which cnguUa the niioroit® and 
(Jigesifi tliani, BHUingarUm, Ziegler, Ehrltch, Behring, JToUfer, and 
ofJicra iiLBifltol tliat tiie principai factor of immunity resta hi the 
bftctericidiil notion uf the humnra and tJje bkioti of the orgaidflm (the 
hiimond theory)- 




WtAK^Mt ].—ftUB;*MIkbtea.. Al f U-tUh IU |U> iiffklUIMAl cfLuJut^n i4 h tooxit 

fiU^BCi pi*; narliEbt, lAfl pwitiinUiWi oni» liv iTib mwEbIWR m ImiiraliklNMl 

iMit. 

iWMonAh ntLwmBK 

I'feifler eontriiuibMl by the following denioiistmtioae Uio liret 
(OCfuirimental aTguiiieiite eupportiiig tlie humoral tiieory. 

If tile ptadtoneal exudation of a RuiiicH pig is wlleeteif a it a it hour 
after an Gimilfdon of diolera vibrios have iwoJi iiiioctwl into itit peri- 
toDouui, thtsc vibrios present tlicir usual appearnnoer they are motile 
and imJcpcndcuit of luich otUar. If u Bimitw oiieratbn is dduIo on a 
guinea pig wbudi tsome tinm before bus recoivcii a iiojimortal dose of 
tl)D same eiioloru vibrios, tfie vilirioB bcootne agglutinaled, unmobilLfoil, 
havhig lost ihdr form ant) preaeot a granular aa]:wct. It k evident: 
that the blood serttm of tlie orgivokin bnuiunkcd this case prebahly 
vaccinated or artlfieiaUy immiinixed) nguiust the cholera hacilliis haa 
ucijuired the power to Jeatroy tho microbes of Uik infection. Thk 
k Llio dasiaical phoiiomeaton of hiwteriolysk (fig- 3)- 

Buchner, purBidni; these eiudUH, dkeovered natural haemolysis. 
If some red liiomi corpiiKcke of the eheep are introdticoti mto s<!nim 
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of Ji th&y nre not dLssolvecL; chny oro do]K^it4Vl Hiilo by little 

in the Wttoin nf tlie iKilm; (She Ik^uul florttbi^ on the tiecome^ 

xihixT ftnil colorlo^. But if tlieeo sAmo refl blootl rroqiuii^Im of Uio 
elieep ai% introduced Into do^ scniHi^ they do not fall to tho bottom 
of the tube; they ore destroyed ^ and thn Liquid lienomes imifunuJj 
rod and translucent. Buchner uitribuied this haemolysis to s normaL 
soluble principle named [Buchner J or tampbmtni <Ekriii:hJ. 

Bon Let Jiaa pmvokc^l nrtificislly in Lho blood of rAhbii the fonun- 
lion of a )iziajnol3rttc g^jiu capable of diawlviiig the ml l>k>od 
piiscles of the sheep- Hbviu^ rimde four injections of red bk»^>d cor- 
piiscW of sheep into fi rabbit, *%eparatcd by inten^alfi of S days^ ho 
dcU'-riiiini?il Uintt £ day^ oftor tltc lost infection^ the rnhliit §ienitn bad 
oc^jnired tlie power of hacmivlysis of the corpuscles of the fib<wp. 
Bordet then demoiisirated that liaemotysis is gpoctfic. For example^ 
the gonim of a rabbit immunized with the eurpusetfis of s sheep dis- 
aolvra only the corpuscles of the sln^rp; ih^ sanim of a rabbit iiu- 
mimim) tvitJ^ the corpuscles of the hniue dissolYcs only the corpusetea 
of tlje hon^e, etc. 

ThcEte fExperiments show that there can he crejitotJ artificially a 
specific dufunse of tiie organism^ Uiat to i^ay, directed not only against 
the bacteria but even against an ahea celL Bordet bos domonstrated 
also tliat haemolysis reaiilis from the oamhitn^ti action of two nutj- 
stauccd wliicli ho calls al$xin and or amboc^pi^tr. 

Wliile ftlfisin h fnigilo ojul dfetmyiMi by hearing at 55®p Uic ofuiHibilifia- 
tricc b fletitniyed only hy lieating at tlO*-G5®. The fin^t-narfiiftl pro- 
Hxbb iu the norinal aukriHl; ilie aocuudj i^]mdJicj h laolchig b the 
norma) aniiuaJ+ It originates b tJm organbm into w^hich alien celb 
have biHiii inirodnced* 

Afcrin, while taring in principle able to destroy an alien cell^ b in- 
cApaLile of llllnig ihk rule Iky itself alone^ lieranse it do^ not Lave tbu 
power to do SO- Thu saiisibilkutrice plays tljo role of mti'miciliaryp 
of monliuil; it fixes iMelf on tbu alien reil liJnl lumnita the alexin Ui 
oxorcbe im own dcAtmctivi^ netbo^ Alexin b a cinniniJ defousivu 
principtn that h found ki the blood of uteii and nnimah, Capalilo 
of combating the anomies invadii^g the OTganismi without any dU-^ 
tincrioUp in particrjlur tliii bjiatr-rial jmLhogonSj U has to l>o aided by 
ibc flpucirii:: sensibilbatrico. Tbb is secreted anUtmatbally by tliu 
oj^ganlsm when it b in vuded by on alien cell or by an infccibn 9 agent. 

The inicnibie invaHlon of an organism either exfHiriiiienUlly or by 
diseoao provoki^B in tlio orgoniBin the diiboraliun of pro(»erlit\s wnne- 
ritneg dissuhdngp liODiclimca agglutinating, w^metimoft Imth. Bact*^ 
rioly^b h apcdfic. Tim pitHlucrion of it cron In' di'tcriiuncd experi- 
imoktally hy the inoculation ikf the eniniaJ with weak inicrobcfl. 

We have seen that in these experiineiibs I'fidlTcr luul delcrmined the 
ogglii Li nation and the granular degeneracy of the eholern vibrio* in¬ 
jected into the pcritoueitm of an iumumlrsid ginnea pig. The same 


MOV s I*HOTO»f 14^1 iOartAl'f 1 If— 


335 


pltpnoiwpnoti wm vorifiod bj other for diffewiiil microbwi* 

Bordot lifts showtt thfil thesH bficlerial ngglufcinim ftdal heating at 
56^ C. The aggliitinituj ifeim lodcpfindsut of aleiin. H should bfl 
oboorved th^it the agglutinated mi^rohea are not dead; sowti on tha 
culture nuKlia^ they grcJW like normal micrtihcs. 

Tlie organism can thus defend LtacH egamat tho invading Dnerobes 
hy phagocytic actfon and by the oUboration of properLias such m tho 
eensibilh^atricedp bactoriolv^nsp agglvitininfi, preclpitins, ok. TJk™ 
substances may be united under the fconn antiliodii^. Other experi¬ 
ments have proved tliat only the aiihstaiicoii which are of a protein 
naturCj for esampk^ thoae whidi an- derivrul from aniinab or plante 
(oelljst red blood corpuscles, milk, albuinuia, eerums, inierobcs, etc,) 
provoke this olalnjration of tho sntibodiefl. All tlm substances capable 
of inciting the formfition of these antibodies are grouped under the 
torm imligoiiB* 

^aCTEniopiiaoE 

There erista another principle of defense, mysterious bccauiw ii 
reniaiiis &ealc<l against onr naturid means of microscopic investigation 
imd because agreement cannot bo reached regarding its natures It ie 
iiackriopbagB. 

Tho definition of it as given Iry Dr, D'HeruUo* who discovered it, 
fciUows; 

Tha iyUe prindplo, frliicti I term BocUri^phuQti'm inl<i±£imiU or iJtidsferitrj^Aoffe xi 
IV mini Enin that nauklplkw at Uvb esiHraw of tbo Moietloc* of capahlo lo 

•qouBoutionCD of aaainitJjitiQa^ whicili Li unlo&niiihlj ^nlUvablo lu irrtci, ia vEtrOi ia 
Ita Ultora^ilo fotio. 

Tho^bneteriophagn b cultivable htn tlio microb^is hut it only de¬ 
velops at the expenise of living microbca. Sown m a culture of 
microbes, it provokes the clearing up of the culturi^ in liquid media 
and the formation of dear oxpnn^ in tlie cultiirest on solid meiliai 
phenomena that prove its power of bactoriflJ dtsatructiow* 

lie bactoricldal action is manifested on a great number of microhea. 
Fnt cxamploi tbo Shiga dysentery bacillua^ suhiiiittcd at 37* during 
threo-quarteis of jsn. Iioor to the action of the hacteriophuge, shows a 
h]Li\ color; at iJie end of an tiour of action, there may be found only 
granulations^ rceidim of the microbiaii action. After 10 hours these 
gmnulalions disappear snd the becomes coinpletcdy clear. 

AcooriUng to D'llerellei the prcaence of tho hacteriophoito in the 
orgunkiu is manifcBtod especially at the moment of convalescence^ 
It resists heating at 75* and con bo conserved in active cultnre for a 
long lime, D'Bcrello considers it an ultramiciwcopio orgoniffm spo- 
cHj colly pathogenic towanl li^diig microbes. In other w'orda^ the 
hneteriophago has the rd&tiofi to tlie microbca that tho microbofl hsvo 
to ibt^ miimol organism. 
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Cortnrn flehcilnre ihitre the newe of D^EIerrJJB; on the contrary, 
BorrJet anil nthen hclicT'c that tho Imcteriophagd in renlitj ta only n 
property arq^iirod by the mirrobe itaelf; a nutritive fixation which 
Issues from tho hereditary tytic principle- [ie has advancod weighty 
argnineuts in favor uf tliia iniorpreLiLtion- 

AirmOXtNS AND CltTFtOTOXlNS 

Koujt and Yersm have bwo tho first to dUcover (hat certain mi- 
erot>cs a no toxic to on organism beoattee they eUl^orate poutons that 
are ooUril toxiiut. Tlicoo toxins, Uijeoted expori men tolly, are capoblo 
of provoking tho some itymptoms in the animals os does the ULness of 
which the microbe is the ngont; they eon cause death. In|erited in 
small doses, they stimulate the production by tho organistn of epccinc 
antibodies which are called antitoxins. 

II. Vincent diaoovemi tiist ccrutin fuLty adds in combination witli 
olkoJica liave the remarkable property of neutrdizuig llie most active 
microbic toxins, in til must iofimteoimnl doses. He line demons trateil 
that when sonic tmcc.’i of tlicse Imdies are added to microbion toxins 
of iliphtboria bimilhis, Cimtridwfft t^tani, dysentery hocilliis, colibacllUts, 
C?<>fftridir(ra oe<hmati4 mu/ijpn', etc., they neuiratize their pathogenic 
action after a contact of from some hours to 4 days, at a temporaturo of 
:t8 to :iD^, occoidiog to the nature of the substance and that of llie toxin. 
The aiinnals coo support toxins itius treale<1 up to dpiies of liOO to 
l,00fi times greater tlmri one mortal dow not treated. At tJie same 
timo, IT. Vincent Loe! sliown timt toxins influcticetl by this trcfttnioot 
ore not entirely deatroyoil. They subsist in direct combmaUon with 
the micella of the soajM ail sorbed by thorn. If some acid is added 
to the tetanus toxin that ba<i boon trentcil and become inactive for 
tho animal, and when this mixture is immediately injected, ibo 
animal has tetanus in a secondary weaker fonn. Tho toxin has thus 
boon simply immobilized, disguised in tjjo complex toxui soap. Pnt- 
fosaor Vincent lina given to Uixjm in lids state tho nomo ol cryptic 
toxins. 

If, to llio ncutmlizeil toxin, there ia added, 4 or a clays later, onev 
fourth or one^hiiif cubic cwitimeter of fresli toxin, tho mixture does 
not bcw-onio toxic, which proves that the pure toxin has been neutml- 
ixtxl biologically by an available sitrjdus of tho cheirucul imtnioiiies. 
It. in eridoiit that thia surplus is dcteched from iIuf niolnciilve of 
cryptotoxius to Iben fix itself on Ihc! micella of fresh toxin, iMcaiiso 
of the Iav> of mohfoutnr attraction. 

'I'hese rescorchcfl have Icil this scliolitr, Itccanso of tlio sinnlarity of 
mode of action of tlie antitoxins wilh tluvt of tho eryptotoxic ageiita, 
to formulate a tlioory of tho general constitution of the ontlbodiiea 
founded on the laws of physical chemistry and of molocular attraction. 
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A {Uogrtun C^* syiitlies2^ Lhu Lheoiy of the oonsdtutjo-ii of 
the antibodies. T represents the toxin and A the antibody. The 
midal uMcleus TAy neutral and irredndble from the emtiUoie, be* 
comes the center of ultiaetiuii for the other free muleoules of the 
tojdn T, The whole (.7'A) + -A' + jd*' + A'" . . . thus conatitulM 
an accumulation of antitoxic energy capable of noutr a li ii i ng t tbonha 
to the o.’tceas of A', A'% A^" . . , the new toxic micella T', T", 
T'** . . . ftitti which it contea in contact, ft is to tJiis sapersatura- 
tion that the fact should be attributed that the serum of an inunu- 




© 

<i>\% P 


•'© 




-Jgl® 






® ®-- 


®. 


®^®®l 

% 




rKHJM 4.— UoiuliJuikMI OtttM kDtlbatlH, feonnllai (4 iHnr B- VIkkJ, T, tWlUC Je uAlb:MlMr 


ani&i&J riiiuniAiii iwililKHliea to Llifi limwiredfoltl, tliat wbicL tbia 
ill tlmt bi io sny in loiiiia 

tetanus, etc,). This theory gives, acttirduiB to rref.U-VUn^nt, Qie 
interpretation of the thorepcutic effects of llie sominif as well as the 
neutralizinir action in vitro. It also explains, it goos without saying, 
itie pruductiou of immujiity in sick people, 

coNoacBiON 

Just as there have Ijeeu objections directed against phagoeytoaia 
being oonddonsd ns the unitjuu process for the defense of tlie oigan- 
isni, in the same manner, objoctiona can 1 mi made to the theory of 
antibodies being condxlerod as the exjilanatiuii of oil immunity. In 
effect, if the multiplication of llie microbe is very nipid, if this microbe 
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Lt too virulent, tlio otgaoins) does not Imvo ikno to proUuce Anti¬ 
bodies atul it auccumbs. 

The exiat«oc« of the stok [joraoo is tile stoke: in tho bottle betwoeu 
the potbogenio mienbe and the natural riefeimTe elements (alexin) 
or tho acquired defensiTe ekmonts of injected orgimiaan (phago- 
cyiefi, bacterial andbodlea, GpedSc antitoxins, baotenolydns, etc,). 
However, in a war, all the means of defense or attack abould cooperate 
according U> the plan of tlm whole. One can suppose that it is the 
3 4^ m e for the orgauisni w4di tlie ontiliodies serve aa auxiliary to the 
normal alexin to determine the destruction of the pathogenic mtorobes, 
while the ontitoxiDs DeuUalize the microbum potBons. The role of 
the phagocytes is to bring aLwut tire dciinite disappearance (by en¬ 
gulfing and digesting) of tlie microbes thus attenuated or destroyedi 
but they can hIm destroy by tlieinfislvea alone certain pathogenic 
[uicrobes, 

Goo^l fmictiouing of all of tlmae demeuta of protection, either innato 
or acquiretlj is often determined by the geuaral condition of the 
organism. Hygiuno, bcsltJjy living, fieab air, phyatcal exerciso con¬ 
tribute to the strengthening of this state. On the contrary, Inch of 
hygiene, alcoholism, excess, in a word, ovoiything which causes the 
n'cakeniog of the organisni, undermines the resistimee and contributes 
to the victory of our entuniea, the microbes. 

Finally, in conclu^ori, let us recall tljal hBctariolugical science has 
discovered methods for reinforcing, by vaccination, by wrothorapy, or 
by tlm intttxhiction of various divei^ chemical substances, the 
natviral resistance against a certain ntimber of polhogenic agents. 
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INTRODUCTION 

Sincfi time tinmf'.morial irinti has eQjnjcMl Looking; hackwan!, but it 
is only within ttiu last oontuiy ttiot the researches of ttio j^logist 
and paleontologist huvo aiioweti him to sec tbo oarih as tl vrus beforo 
ho himself existed. Nowadays the straii|;o creatures that peopled tho 
past a]]f>oar in Uio Sunday nupplouionte mid l.ho rinema, and 
tJiP fact Hint what is now dry land may have hcon under tlia sea is 
eominon knowledge. To 1>lie stiideut of plaitt and animal distribu¬ 
tion, or biogpograplty, the long-gone past re of particular inter cat, 
We know ihnt many living things could nut bn found whenj thay arc 
if the larui and aca had always boon exfietly a.% they exist today, and 
only a etudy of palcogeography, or the geography of audent tunoa, 
will enable us to undcistand how plants and auLiiulH niOTed aliout 
over the face of the enrth and reached the places w'hcre we now Rtid 
their living deacciulants, 

Students nf iMJth phy(O{r(!0|;rrfti)liy, or plant distribtition, and zoo* 
geofp^tdiyi or amma) distribution, must depend lorgcty on the geolo¬ 
gist (o tell tihem how tiie laud and sea were hoimded in the post, 
hut often they nim (ifllp tho geologist in tliis very matter. Studies of 
tho rclatiojishipe of living tilings, both rcoeut and fossil, froquenUy 
point out ihflt i.wf) isloiuis op con tin cj its must have bccti conuec.ti'd 
by dry land ut a certain gi^doginol time, for exam pi r the ronricction 
of Aloslia with SjUtria ticrosa Rering Stmit. lu fim sanie way tho 
cliwo rcliitionabip or idcnlity of various spedea of Iwbcs and other 
niiirino Hniiiiala on the Paeifia and Atlantic coasts of Fsiinina show 
that the two <h:ciuis wore onco connsc tod ovor what is now the istlimus, 
and ut no very distant period, goolngicaily speaking, in fact, the 
goolofpsl olteii depends ti> a cotusldemblo extent ou the fossil reoudus 
of onco*livijig crestUfoe for infomialiDn ubaui hia rock fnrmauona, 
tlieir ago and Iho climatic and other (’oriditions uuder which they 
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^ ^vell m for hints aa to probablo l&nd nmi sea con- 
necl^iotiB ill llie post. Biogeoptaphi^jil studies, tlicn, intei!i>cksd as 
they Hjre wiili geology mid pEleontobgy, cod tribute to two diflcmit 
fieliie, primnrily to a knowledge of Low liTring thLigfi evolved aiiil 
tnigraled und seccindari]}" to a bet.ior imderBiimdiiig nt liie dianges 
of land and snn and of climute during geologioa] time. 

For many TeasouSp biogeographical probleiDs are often difTicuU to 
solve, although some workers have been slow to realise T-hie difCculiy* 
Tlie cinssicol distributiomiJ reaeanchea of Darwin, Wallaiw^ ami tboSr 
eon tern porarits tlircw a bright light on subjooU that bad been Ultk 
thought about, and many of their follower? lost sight of Llio rant that 
the most brilliant of Lhe first results were drawn from Uiuw msiances in 
which idaLn evidence wo* lying fallow to prmltice riddy for those first 
in Uie field. Tonr by year tlio Utoratiire of bii>geogrflphy and 

oa vast riiyw ^torm of pm^iao facta pile up, ptoblems that formerly 
seemeil simple become inererwirigly difEerJt to solve. Indeed, it is 
apparent that the data of tho sciencB arc already too vaal for any 
single person to digest, even in relalivoly cincuniscrihed probloniE, 
Mofit biogeographers of today are of neceasity narrower sjjccialists 
than their predeca^irs; eadi has a large and growing Imdy of fttcL 
in hi.*; own iipecialty to mHstor and lean tUne to acquire the gcoiogirnl 
biutkground and knowledge of the literature of other fidils that would 
oDablo him to sec dietribiitional probtom$ in tnio perspective. It 
would seem that general hiogoographicai residte of lostiiig valiia can 
be reached iiowjidsys only through the cooporatioti of a group of 
com pe tout spedaihitfi who can weigh apparonUy coulradJciory eii* 
deneo ami readi couchJeions in accord wilU the ftouudcsi Ixidinia of 
biological, ecological, palpontological, and geological foci. 

i&OOGlCOGhAnrTCAL PROBLEMS DF TEE AMEMCAS 

Hiogeogra|i1iiciil probleins nro legion^ ranging from ntreetiuiis of roii- 
rinnntal and oc4*ftrije rdatiomhipft to mintiio dotoils of the di^trihu- 
tiuu of eiugle epecic^ii but al Ihh* time I wish to speak only of a very 
few of tliR lifoiider problems of Uiu oninud geography of Nortli and 
South America. 

Geiiomlly speaking, zoogoographet?, like Gnul, are diridod iijti> 
tliree parts—'tJiOae who build bridges^ those wdio do not, and ilic pro* 
pouerits of contluontal drifL To begin wiUt the lost finite it may !jo 
orplaiaed tlmt Wegener oj^d his foliowom beiievfl that all the conti- 
nunts once fomic^l a innro or Icsa compact land maos fioiiting ujwju dm 
deofMf^r, heavier n>ckB of tht> earth's crust, and that sundry pieces of 
ihU laud ttiHsa bruke cilf from time to time and drifted away to fonji 
what we now call Australia, the Amoriesa, and Africa. Despite the 
fiiimirjatioiiB of fhoso opposod to thia theory, tiiora is a eonsiilcrable 
body of weighty evidence in fevor of it, and I for onOj nliould oot l«t 
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Biirpriscd to SCO it prevail. Bowevrr, iharo is just as weighty 

aulUority ogainsl it, adcI auice tlie fislies niiglit be oatistnied ns favoring 
eilhor side of the lugiiment, I shall not now eousider it further. 

The bridge builders arc those zoogc<^aphera who axe prone to 
postulate vast eon^ctitoJ connectionsj whiclt they believe existed in 
what is now the deep seOt bi order to provide brid|?es over wbieh the 
liuid fuuiuis could mareh to destinations to which they obviously got 
somehow^ The more radical of this school Irequentty sink (in theory) 
whole halves or quarters of continents to the deep sea and raise vast 
ttreaa of ocean bottom into new coutinetits to explain their ideas of 
how living LUttigs evolved and migrated. Unfortunately, there is 
little geological evidence for the more l>ewitduug of these schemes, 
and soogoographera are coming to depend on them less and less. To 
(ny mind, the lonst sensible of these ‘'hrUlgsa” ore the narrow and not 
at all startling '‘iaihmhui liuks’^ of Willis (1933) and Schuehert (1932); 
they have the unique hacking of what appears lo bo sound geoibsacal 
and bathymetric support, and in addition, some of thnni ure stUl iu 
exiaLence either as true continental conncetkns (Panama) or chBina 
of islands (West Indies). 

Those who do not hudd bridges are the soogeographers who, rince 
the time c^f W^allaco, have held stemmy and perhaps a little too tetia- 
cioufily to tile tlieory of tlic **peitnanenoe of the ocean basins.** They 
do build bridges, but very modest ones. They hold that, by and 
large, the only areas that have over been dry land are those oitlier 
nnw dry or a part of tha contioental shelves, ilmt parts of oontuients 
have been Hooded luit tiover deeply, tliatno major portion of the really 
deep-sea f>otUnn hna aver been upraised intc* dry land, and tliat the 
small land bridges tliey postulnto can aoeount for all the migrations 
of land animals that have oocurred. It must bo admitted that this 
Hchooi hns been the most cautious in oxamiuuig the available evidence 
and the most erudite in its researchoB; of late years it boa also hoen 
the moat stiff-nocked in considering contriuy opinion. Its foremost 
recent exponent has been tbs Into W. D. ^latlhcw, whose Cltniato and 
Lvolution (1015) has had a profound and overwhelming effect on 
nearly all rocent American vertebrate zoogcographara, and but little 
oiJ anybody else. Tljore ts no dotibt, liowever, that Matthew’s 
views deserve the most careful consideration, and it ia unfortunate 
iJiul be did not live to write tlto proposed enltugod and rovisod editioii 
of his work.* 

Matthew’s thfisla w'as, bricHy, that “Becular climatJc change has 
been an important factor m tlie svolutien of land varlebrutes and the 
principal known cause of tlieir present distrihuUon'* and that, in 
later geological epochs, most oontinental groups of animals have origi- 
uuted in the great northem land tuaiM of Curuaiu ami ?rorth America 
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(the llftlarctic region) and migrated ontwardj ndialiy, ifiU) SottUi 
AmoiJCft, Mricaij and the Indo-Australiaji regioiu On u. gblm, or a 
north-polar projoction of tho world, sa<3h ovohttioji and migriition is 
easy tf* visualizei Burnaia and North iUiiorica, which Lave frequently 
been connected, fomi u preponderating liuid UfUt, from w'hieh tin? 
other continimts ratiiate. I think no sorious ^oogaocraphor tutu t!is- 
uipiMr radienlly with Motliiow’fl view tlmt seunlar eliinatic cljaiigo has 
had an cnormoiia effect on aukiiitl distribution, but it k queationahk 
tliat clhiiate has directly inllvienced evoliilioii itself.* In regard l« 
liis pustuiation of a nortbom origin uf tbo rnuuttu of Soutb jVnicrioa 
and other soutiiom continontSi however, it aliould he observtnl Uiat 
von lliering (1(KI7J, Bigenniimn (1000), and other eminent men have 
come to a directly opposed roncluaion, whic!) ojnphaaiies the oiintioii- 
§hip» of certain African anti South Amurican animals that they boliove 
did not originate in the north, and which, Lhorefore, would darnand 
some sort of S^mtli Atlnutk laud bridge tu account for their evident 
cominmiity of origin. I’he neccisity for a South AUmitie hrklge luna 
also been strongly advocated by so eminent an jiuthority as Regan 
(1(122), whoae thoroughly sound data on the owtariophyfiiui fishes are 
of the groatcat importance. 

In Toviowing the disitribution of American continental faunas in 
connection with some recent studies of West Indian fresh-water 
fiahea, 1 have lifxn struck with the amount of mkiuformfttion that 
palest as sound iththyologicnl ovidorice nniong isoogoographcre. Pari 
of tliifl is the ftmli nl Llie Ichtbjologistg tlioniaelvea. Papers on ildi 
distribution written by conj|iutent ichlhyologisls mid baaed on 
modern palooninlogieal anti ichthyological chita are scarce, and the 
dtstributional infoniiatioo in two recant general textbooks on 0ahea 
(Kyle, MrtcFarlflne) k scarcely to he rcUed on, On tlie other hand, 
the fecent depenjablw papers thai, do exist, havo been neglected hy 
moat Btudenta of zoogcogrupliy. I have come, across no modern 
paper that simonarissea tliu broader giKigraphicul uspccta of Iho fresh¬ 
water (islies of Nortli and tSonth Amrriea, tmrl, in tlie bidief that such 
niay he nf some general interest, 1 aliiill nttcimjil to supply tiua want 
in very brief form. At tlko smna time 1 ohalJ apeak about sotuo of 
die implicatioM of frwh-water lUli distrilmtion in tho ctmtrovoiBial 
question of West liidion paleogcography, hut, in compliiince wltli my 
thnsia IhsL biogotigraphirHl prohloma ctuuiut be fiulvi.*d on tho I'vidanco 
of one group, I abtJJ not pontify on mutters I know I am nut compcteiit 
Ui settle. 

W3IAT A UK t’REaH-WATKR KFftHliST 

'I’ho imiKirtonce of fr^-water fishes to atndenteof geographical dis¬ 
tribution depends primarily on two facts. Firstly, certain families of 
fisbas posaoi^ an ancient physlotugicu) inability to Burvivo tnaoltiuia 
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water, whuih bitid^ tliom io the Ituitl as sfM'urely as ftny knowj) antmutR 
f^eootidly, c>ti Uiit laud, they are iuciftcapahly confined to their own 
partvcuJar draiiiage systems and can ndgnite front one isolAtcd stream 
husm to the next only tltiougli the alow phyaiogmpluad change of 
Uic land itBClf {atrcom captnro, etc.)* Thniughout tlia world tlu* 
migrations of fresh-waUT hshea over extensivo continental aroaa littvtt 
giiuorolly liecu cxcessivoly slower than tliose of almost any vreatnre 
that can creep, craw], walk, or lly, however closely tliat creaturo 
may have been liound by ila ecological lolernucos. Tlibk except ion- 
ally well illuatmUMl by Central Ainerica, whore the in terpen otratiun 
gf North and Sooth Auioricaii faunas has procectled in many groups 
pmclically to tlio liinit of cliinnlic tokrtuice, but where no truly 
NcHttropical (South American) fruah-water Hnh has gotten fartltcr 
north than Texas of New Mexico, and oono truly Noarctic (North 
Amoricjin) furtlior south than Nicaragua. 

There are, of course, exceptional methods by which fishes may bo 
lniiLsj)orted. "Ttains of hahes*' are aufficiently welt known uu<l 
autUcnticutiHl to make it certain tJiat cydonio w inds, in passing over 
bmliea uf water, tHuncUutes pick up amall lidtce tuid deiwsit lliom at a 
dhtatice, still alivo. U b possible, too, tlial a liali eagle or gull might 
droji or disgnige olive a uowly caught Hsli after having carried it over 
a divide between two tlistinct river systems. But die frequotitly 
made statement that tlic eggs of fishes are dispcrsetl by adhering to 
tUu feet of W'uduig hiidsin llighlshould cease to trouble rwmgcogniphciw; 
sucli a metlioi] of transportation k posaiblo, luit almost no fish eggs 
are sufficiently reabtoul to siinive drying in the air more ihuu a very* 
few muiutcs. '['he main fact to keep in mind is that fish dbtribitlion 
is murh more regular and iinderstanduble than il would tw if tlienc 
ijnusual methods nf tr&nsporhition w'ere uf rniirli iiR[>ortotice. 

(.)fie fact that some xoogcographcis who have dealt with fiidies have 
nagler^letl is Llial the fishes U» which the adjective ‘‘freeh-water'' is 
applied dilTor widely in the extant of their tolerance of salt water, 
Thcfo arc rr<?sii«w'at«r fidies which never swim into salt, water, some 
whidi uccoalouidly do but con aurvivo il only for a short period, some 
whidi htdutually frequent estuaries and other braekisti wafers and 
frequently eutor tJio sea, mid some which migrate back and forth 
between river and sua cither continually or periodtcnlly. It b plainly 
ovtdfiit tliat & liali which can swim tlirongh sea water from uiin river 
liiontli to anotiior is not of [iiuch use in studios of terrestrial zoo¬ 
geography. 

Tlu< uuly frcsb-w'atcr fbbee that ncod especially concem us at 
present arc liii»a of the first two of Ihe categoriea I have just nien- 
iioned. 'I'liesc two rmtegoties I almll dlstitiguUh aa a primary diriawn 
w hose mciiifiera are very strictly oontined to fresh water, and a sreontf- 
firp tffmefon whose niombots are goimrnlly n«irict«l to fresh wap'r 
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but occa-^ouailj fiuU^r Um Ben volutit^rily Tor Elmrt pfrirnia. Tlie 
other groupfl not $;iaci£c4illj pieced m diviMous eff into whoJIy 
mAntic forms. PuulUJj there Are a nombor ol i$pf>ciee luid of 

RoJt-water families tliat buvo tohoa up more or less permanent rcsi^ 
donee in fresh watorn Moat of l-tiem rotiim ro the to Bpawm 

THK GROITI^ OF FttESH^WATEa F15I1EB 

Tho frosh'wator of ilso primiiry and secondary diviatoaii tend 
to group themselves on natural faniLly lines. In oUicr wtirdsi all or 
nearly all species of one family usually show a Mnulur toleninco to salt 
wator^ Tliisi together with the fosBil o^Hdenee avsiiahlep leads us tt> 
L^dieve Ujat moat of the famiLic^ of Uie piimiiry division Ii&ve carrrrd 
down their phjsEologicai mobility to stirviTe in the sea^ as fanuJy 
chnrticieii6] early timea and probably sin re the origin of the gra upa 
COnCGTIKHt. 

Tho/r^^AHt^f^r jfaAr^ qf th/^ primary divin&n are of divert relation¬ 
ships among fiahefl ganeidJy. A few of them aro omall, relict groups 
of primitive ojganizaUon, Auch ns the two living familtes of limg 
habe^ (Cnmtodontidnep witli one surviving s].>eeiea in AiiBirsiIb, and 
LfipidoidrcnidAOp witli three surviving species of ili*i genus Pr^^^pitrm 
in Africa ami one of the genus Lepidonren in South America). Of 
aumlar relict distribution tho two Ii%'ing genera of the primit-iYo 
paddl^-fiEihes, Fsepkurw in tlie Tangi]^ Rivor in Ciiina nod Pdyi^d^n 
in thi* MifisisajppiH Higher ott the ecaio of Osh evolution aru the 
paEeouidcidhkc bicLlra of Africa and Ike family of howfina, with one 
living Nortli American specie®^ Somewhat aimihir to tla^ last arc 
the "ganoid'* gnrpikea of Norlh America, n family which I plare, 
somewhat haailonUji in the sccondaiy divtsion of frcHh-water fkhesn 

The hulk of living ana llahee ara of more EpecialuEcd organhatton 
tlum tliese primitive faniilieE^r and belong to thv grsmt subclass of 
bony fiahosi or TeJooslei, and thia is true of the fresh-iva ter fatnilieg aa 
well. The lowest order of telcosU U that of tiie herriuglike Dshes 
(IscFspondyh) and to it belong several familira of my primary fresh¬ 
water dividon^ among them ^e hiodontSi or moonoytrs of tlm Mu^ls- 
aippi^ the strange phractoiaeiniit^, piuitodoatSr kueriidsi* and nmriny- 
rids of Africa! and the ancient o$tcaglosj*iiia| which wore probably 
ivclbnigb cosmopolitan in ISdcena w'utom. 

More than half of the tnie frvsh^wnlor tlshce of tho w^orlJ hetong to 
& siiigJo ordcTj the Ogtariophysi,* distlnguialifHl from tho herrings by 
the pecuJuir chain of Weborian osaiclea connecting Ihe air-bladder with 

«T1)t KlEoUir tlmiintdwiMq W b« EsifllnM. 
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Ihn niidit^YiT nppnruMisv, TIip ofltariopliyFii*ti5 uro primwily a frwh- 
Wdlnr Older nnd must b&vp bLHm since tbeir pre-Eocene origin; out 
of nearly 30 families and 4,2500 or more species of Uiem only 3 siwclai- 
iSMwl families (tlie ariid and plotoeid catfialies), comprising not ocor 150 
spedes, are tnurino, ojhI ilicso beyond reasonable doubt are descended 
from ancient [reali-waler anccators. To tbe Ostariophyai belong the 
liordcfl of cikTiKi of miunowa, auckma, loacbeH, charncina, gymnolid 
eeU, BJifl Ijewbiskeicd catfishea that awami (Jireugbout the Hvnrs and 
lakes of nil the cotitinenta except Australia. Tiie only frcali-waler 
Ostariopliysi of Austraiin and Mudagowiar ere ariid and plotosid 
catfisliea tliat baTo reinTnded tbo iitctb front llio aeu.* 

Ttia remaining fnsh-waler groups of t!in primHjyiiiTision ore <|uick1y 
enumerated. The rather hcrrinpliko order Haplomi contains Uio 
fjikea or pickerels, the small mud niUuKtwa, and t.ho jVinskan and 
Siberian hlsckfisli. To some extent ifansitional from the foregoing, 
more tirimitivo, bony fLdics Ur tlio more liigUly developed, apiny- 
rayed types, are tlie strange [lercopsids and pirate porehea of North 
Arnsrica. Of tl)c cyprinodoiila I eonsidtr tliat only one fami]?. the 
North Amoriciin cave fishea, belongs to the primaiy division. Of the 
fully developed, perchliko groups we have the North American sun- 
(IfIim or bosara, Uio true perehes of North America and Eurasia, and 
the trnpicnl nandids. Ending the series are tha Old World tropical 
bibyrinlli flfthea ami the Uotated aphiy-eols. 

Tiie seaindary dvnition af fre^Jt-^aalf-r j£sJi« is composed of families 
which, in gcJieral, behave like true freah-water Gshes, but whose 
nuiitihers show o sharp restriction to fresh water. Among the 
more important of tbeni are the North American garpikea, the syn* 
tiranchiil cels, the ctcldida, and the various faniilios of toptninnowB or 
cyprinodouis. Garpikea arc known to enter the sea along the Gulf of 
Mexico coast. Most clchlids can survive Boveral Lours or days in the 
and oiio spocica of yifopui, collocteil in hrackhdi water in Mo^am- 
l)i([ii«, has li«'.n kept for mnnth.i in aoa walor at the New York Aqiiur- 
iutn. Many cyprinodoula do not seoni to he Inconvonlenccd greatly 
by e^t writer. UvUi^nixia Itttipinna otilorw the sea freely and inultiplioa 
in brine [londs about Manihi Hay, where it was accidentally inlrodiicwl, 
MoiKulaEir rc[)ortod JJicuius from tide pools on Curasao, and certain 
epeciea of Fttndntm and O^prtiwtfon lire permanently on tlio seacoaat 
t>cyand reach of estuaries. Tho Chaiitnyer even caught a FftTidutva 
in n mid-Atliintic pdiigichaul 1 It is evident that meny specice of this 
ucotidiiry group miglit easily survive n riiort sea journey. This is 
borne out. by dintribtitional fact. It is only membo-re of the eccondary 
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gni«|» rhal Lave succtfcdwJ In ('ropsing Uic pust of ’WoIIaco's Lino * 
in (lie Uftst. Tndies, itnrl In rpnchijig MndagnsoAr/ 

After tliia eccond group comes a Biiccesaion of fumiUes of I'litadromciip 
or anadminniisllsiieflauch tut the frcsh’Water eule, the Pninion and I'ronl, 
I he sturgeons, (Jm gaU-viirb and the. hjjlocljitouidfl, and otliara whirli, 
for one mason or an other, enter the aea freely and are in ino«t c<tKc.* ms I 
of use in af udiaa of tin; distrihiition of fresh-water rishcs, Lastly we 
find primarily tnarino families aueb as the sharks, honings, gray 
mulleta, sea baaees, and gobies, a few of whose members liavo invaded 
the riTEFB and somctiriies developed into purely fresh-water spccira. 

THT: FJIKSH-VTATKU fish PAUNAg OK TitE AMKIUCAS 

1. UMtTATlON TO TEMTlAtir 

In tlm marnmida, I he history of many of the modem onlera has 
l>oen traced back to (heir very diderent Eocene enctstora and conaider- 
able lifts been done in oojinoctitjg these up with Mesozoic forms. The 
fltory of the continental fishoa is very difTorent. The OsUirio[jhyei, ns 
well Qfl nearly all other groups of fmali-water bony fipJies, are known 
only ftS far back as Llie early Tertiary, and the few kjiown Ewretic 
fossils lEsually turn out to belong to still living genera or fJtcir very 
close relatives. Tt would stvem that the evolution, from very primitive 
types into practically modora forma, of a whole aories of the raaior 
grodpH of fresh-water (and marine) bony bshes occurred bo tween llm 
end of the (Irotaccous and tho earlier Boeeue. WIiaL little wo know of 
Taloor^ino liahea is tuoslly from marino ileposita, and the derivation 
ami ovolti lion ary lines of tlio Ostariojihysi and moat other fresh-wator 
groups remains a cloiied l>ook. The locating of ttarly Eocene and 
ralem^enc fresh-water Ledn and the working out of the history cd tho 
tighes remains one nf iho greateat untouched prahlema in vertebrate 
pniotiiitology, and one in wliidi American ]>nIconLologi9ta, at feast, 
hare taken atrangoly email mteruat. It is evidenl that wo can draw 
no delinJte condtisions rcganliiig pre-Teriiary gci^grafiby from the 
frisb-water bony fiiihes, and but little aliout puwt-MosoKOie from aiich 
primiLive rcllcte as tho Jimgfifilms and bieliire. 

2. NOBTtt AMmtlUA 

TliO greater part nf the Tertini^’ aful recent fnis)i-water liab faiina of 
North America is ilivtsiblo into twn eoctions. Tim first forms tho old, 
Rndeinic faimn composoi^l of pnddloflBhea, garpikes, liowfiua, osteo- 
gloasids, siickere, amciiii'ld catJisbes, primitive cypriucMjonts, umd 

• It HCIDI |Wf3lithh« tbM It* fiCMiit* Jjf I III tlr Vwlilni (Miil lilns r«n!h >sl«>) m»l«[ WuHiJs'i LIm 
H Itu* r« hrtnMn lAiaKturtlmi. AmIh a TRiiEh arnml tboiil at « t»il lait 4« |» Mm rTf-* ^ 

* Ahiflir*!. U 1 « DHtj TlKUin facliUff, a «Bnn*l in. tiH Kmthurn Iiblliie I’tiolBiili ■f|4 M tflaiPtl 

«iJj lDn«l.l« UibtiAKflui ti/taim, It WIm [<• vrl rf>l In liiill* m th th* Snrei.)lc».|-|ui«i»MitillT# 



pI tKsri-^vAll: J i FiH v ma^ 


347 


All qI Llscm wris kuawti u^ Itiiv® b^u pn^^nt m Lho 
Xearrtic Eik^ciimj mid sill ftiirvive in Nonli Ajttiirictt t^lny savi? tUo 
o3t«>e^Ii)S3i<is litiil ijyprinoilonta; the laat probably 

repreiiti^itoJ by the exifltuip eave riahea. The padiilefi^ea are reet>ri]etil 
frort) the Enj^iisJi (^balk ami iio^- ojEiat in Ciiina; the bowGm are as old 
ns the Juriwiijiie and are found in Llie Mesozoic rocks of Europe, Hrazil, 
and N’orth Ameriea; and the ^^arpikes occur in tlic Chotacefiua of 
Europe anti the J-tariiota beds of Lndiu. All three ^r[>U[^s are too ohl 
to enter diH'-iflively into oiir diacuEsbii of the Tertiaiy^ lisUce. Tlio 
iiuckers are foiind iii the Eticene of liVyouiiiiigp ainl IIii^sLkof Cli)tl2) 
haa reporteij Uoluteil gill e^^Tera from tlie Eocciia of Munyolm; iliere Is 
one spedidizcd genua now living m China imd une Nc^rth Anicritati 
fipdcieB hfltf luvailed Siberia, probably ntcently* The aniehirid cat- 
iltches are represcjitcd in the Green Uiver Eocene by Ehin^^idesf and 
appear to bo a purely North Anierlcan group related to the Ohl World 
bagrids.* A su]jpo3(y:l living Asiatic apocioa biased on a tliinose paint- 
big is nlinost cortainly mythical, ^ro the old section probably betuiig 
Llic Nortli Amcricuii aunfishcanr ba^s^* and the peculiar pertopsids, 
lIlc geological hbtoty of which is nearly or quite iinknow n. The bnlk 
of the Norili Aiiieriean frcflii-wnter flsli fauna of today is made up of 
Lho members of tho carp or niinnow family. Fiissil cturp^ are tmknow^n 
in North America until tho^fioceneJ at which time the ftuiiily evidently 
aiTivod from Eurasia to form the aiccond or younger eection of tlio 
r&uua. This bivasion was niodo up entirely of the second most priiui- 
tivG (LeuctsiL^bmo) of tbo tlireo great subfamilies of Cyprinidae (llegiiD, 
L(122), l^ck of clciir piUiooiitologieal evidence does nut allow ns t<i say 
whether or not tin- Eurasian-i^iericim irus iietches are auioclitbuiiuus 
Nurtli Americaiis. (.lenem siippoeed to he peirches are recorded fruni 
butli Llio Ainericim and Europeaii Eocene. If Voigt (1034) and 
Kerg (IPS6) arc correct in associating tlie short-jawed middle Eocene 
with tho pikes aiul iriud minnows, the order Kaplonii 
probably i^riginaied in Asia and may have invaded America with tbe 
carps. The mud niiimow's,^* unknown os. fossilsp Uavo two genera and 
Uiroe. Amoricati spccicfl. The pikes have sevcrnl North ^\unerica]i 
s{}edf!a juid liavc existed iu Eiim^ULat least fnnn theCdigoccne to the 
present. 

< IKofiiui nutsOEot ufl&r) fOHpfUf Oji Ijf Itm IJ^ IfLbiM 

nr« iMllr K^dwicAJIjr kbiitMl wtih tiiw >iulk fjnuu iJw UrUlKtr uut Utmik ilfHllmlD tlEot Itm 

w«U m- 

■ m\^ Ifili n^^ nninitl fTtei in ntcOlfWbij t^ftlatT 

llgii ia Ui4 «ll*Ripl m ^jtiJ^ilw to ib§ lulciaiia Ld X^lc bwh-wiUH BBtrua^a 

lL£l4s, ^ Ktiipcrnil fUc^iF, «l wldcJ] pra«|kMly ite^lptbn U W, U |tfubittlj it 
flirtf. If flipHI ^ raift] tM «ifi4ct IU riferrloi Ua BUBSiiliffv itim bUinr hai «IEIU4 fb NVlh 

AiuM^m lilHB IIh KcH^viJfl- 

i* i^or tUn piwint puTpnpi t tnvIniS^ \n Ibi Ujnltfiln piKalbr nUot .VimiUlrft. ructfstlr dlM^nriil tr^ 
lUiIjulli Ju K u LiTfL W'Ttu A laikui iLDil SiUrWa liJdrUhili U (rflUlli Mir iaFeiutfuB. 

\ 1 Inrr ]*w n» iN«l4f » X frixti U» FhibOkma.! ^iimlEimA 

luV. S NfttlDbftr^Tilrriemi^ 
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3. SOOra iLMSillCA (XMl AFBICAJ 

Id South AmmeA we bAve ror>' diffurpDt picture.^ The knowu 
fos^ TtKord b 50 fmgDiAntAiy aa fo bo of do pnrticHtAr woportADr^f 
but the liTing babea aro eKceadiDgly inetructlvo. Of thw iivkig true 
riecsb^waicr Ebhoe of Soutb America, not a ism^h specie^j geous^ or 
family is ideniii^ with truly North AmcTicaD (^up3 * Id fact the 
Sotitb Amaiicau fbbeA &how greater dl^mulurity to iliooe of Nortb 
ADvcrica tboti they do to liiu^ of ouy ooutluent cxcopi Aii^lrdjjii 
which bus no fwisb-wflter fishes at oil of my ptiuiary divbiijD 6a ve 
for ODD luDgfish and one o&teoglfismd- 

Cojlsun apparent siriiilaritiee are at onee disposed of, The prbnitire 
bony fishes of the family Ostooglosisidaej which appear to have hwomo 
extiDel in North ADieriea iu ilte Eoeeme, exist Uxlay in Sootli America. 
But Iboy obo exist in jVfriea^ the Malay Archipohigo, and AustruJiai 
aiidf as 1 filudl show a UtUo later, [ beUevs that their mere preseueo 
loses juiy grflet Bignificcujce m Tertiary ajoogoogrjipliy. Sinele epaiiea 
of the ^Dtli AmerieoD eUaracma odU dchliila have reached Textia^ 
but in each cose the migrant b e generalbcd, aggressive fish, tlie 
recent migration patli of wluch is oleorly evidciit. The oyprincKlont^ 
form a different type. The viviporoDfl cypiioodonts of the foaidly 
Poeclliidao arc common from Delawarep UbiioiSp and Amoiia to 
westertL liScDsdor and nortliem Argentina, Unknown fis fosfliie, 
they may have Jovdoiwl in Cetiird Amerieiij |>osaildy fnin^ luicoftfors 
giinilar to the goodoidsp^ w-hicb are autodiUmnoua in the ^fexicaii 
plateau t The o^dparoua cyprinoiloiits of ibe family Cyprimrkloutiiitic 
Ukcwisc occur from caatrol North .r^crica \a Atgontina, btU U htis 
recently been sbown (Myots, 1BI31) timt the dominant South AmericeD 
genera aio cloudy rdatexi to Afiictm rotlicr than to North American 
forma-“ At any mto, ell the cyprincKlontfi except the Nortli American 
cave ftdioa belong to the secondoiy dass of fresb^water fieliea. 

South America is the richest of all Lbo continents in treoh-water 
flaliee. The Isigest eecLtion of the fauna is formed by Osioriophyd. 
Five families of clmrAcina ore foiuid of wbicb only oue, Uio moat 
generalize, h shared witi^ any otlier coutiiieni (Africij.), Thart^ are 
II famiUea of caHiabcs, as well as the lo'mnotiii eeb, none of which 
tini foimd anywhere ckc save for a few nggreesivc inlgitints which 

^ 'tH* j^tUAantilMA Cfflfii a taut bm oUAldAMt Ui n&tr nikllEirayv^ u 

ll»ni] bt Ibi iftOiiJOJk Hud mil^UraLli. U M<h «Qd iiiUtJl amUiiijL twl thb 

I>q444i W «atHt «s -43SMyrcile or wm iiilgrfU4Aci, ^bJifh 11J41 ctfi Ibipk tf itt* 

lIUTH' izwjpt. 

XjflQIst Old pOibrnMif C]fpO«i£)44iUlii4 vl huIAA Kaftli AuHiim &taiJ Uw Ctrililfau^ 

afwhkh C^irlwldu U konma ftnoi ttw TwIlurnE XctllHlar^ TIh twt nbilQQiltfp Ai4l«UljtiA4n« 

OrwLLOliUd ti Luka Tlltrayik l| uukiyMriL 
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hftvo pii8li(*<l up mto Control America, Tha only oUior South 
America]) fregh-water HhIim of tl»e priniaiy claaa are the limgfisbefi 
(ono epecies)** utirl tho nnncUcla (two genere and two a{>ecies).’* 

Of tJ)e i^conndaiy class of fredi^watcr fishes, Uio tnost numerous 
in South America ore tho cichljds; tho g^enom seem to he mere ilivense 
than tho African ones, thongh the number of species is smaller. The 
cyprinodonts have already been mentioned. 

In order that the reader may appreciate the evident relationslnp 
with Africa displayed by many South American fishes, it is necessary 
to )idd a few W'ords on thu Ethiopian fish fauna. This is doJmitcly 
composed of two main olementa, one a gTOnp of pttmittvo ami im- 
dmibtedly ancient fisli families that are unknown outshlc Africa eitlicr 
fossil or recent ami tliat in all likelihood evolved there, and a pre- 
pondemting fauna of migmnts which roaches! and flooded the conti¬ 
nent in later rimen. To the old group botong tho blchirs, pantodonts, 
phractolacmids, kneriide/* and mormyrids. Undoubtedly aristing 
there with them wore the old ubiquitous osteoglossida, which may 
Imve given rise to (he ptmtodonts and of which a eingte spocles still 
|H>rsiflta ioiluy. To tho later invaders belong IIib toon s mg pncsant^lay 
African choraHns (of tw'O familtos, one held in conunou with South 
Amorii^a), cichlids, lahyrintli fishes, carps, and certain catfuhea, Tho 
carps undoubtedly arrived only in tlie middle or late Tertiary from 
ooutlicm Asia; their many spories have mostly not yet boMime gener- 
icelly distmet from their Asiatic rclativoe. The characins and most 
of ibfl catfishca wera undoubtedly present in Africa before the arrival 
of the carps. Some of the families of catfiahes (cloctrio catfishsa, 
mucin iki<ls, ami lunphiliiila) and one of chamcins (citharinids) prob¬ 
ably cvolve<l tlicxfl, the latter certainly out of tho Churncidao. The 
Churncidoo, ciclilhlA, mvndids, rivuline cyprinodonts, ImigflshGS, and 
nsteoglossids are hold in common with South America, but it has 
alnruiy been noted that tho iast-mentionej family U prebably of no 
great importanco in this connection, tmd the same is possibly tnio of 
Ills hiugfi,<diea. It la of especid iniportimce to Doto that not one of 
five primitive, autochthonous, African families, that were in all preh- 
ahiiity in Africa heforo tho aharacins, dchlids, and carps, ore hold in 
common with South Atnerira, 

■■ YlM Qolj «!hit kivtoi ^ped» wi tS» llm of 

Tfctf AndxfKn bi rmy dtHtefeol, 

if «3lf| trodmly friolod to UM MflflU IHO 

JtK liiiUikli li tott wMd KLhiU bnn m- hmlff. A \t titatt lo sotHiar 

A-miil# im 

^ op I«HD4 ot Ukt tfimciilvt cAdiMrUii «kitl lirvaJ ud 

hti U^EoBl tOfifiillnt Qif knBrtbt nifafcfcinilrtp^ t iliiJI b# fiwlij iccrprtMl tf C^wirh li loonil Eq ti* Anj- 
bnl 1 ImtaJ TiorKo. 
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4. C£NTIlAli AUBItlCA 

Tile Central i\jnorir«iTi Tish ffluno ia a strange mijitiiifl of Korl.li otnJ 
SoiitJi Amorirao typos.*' Of tho purely Norl.li Anverican fislim, the 
gurpikcs Imvo gone farthest south, huvtiig mctieil Ijike NirBrupiia, 
find tlinir invaaiou was likely a fnirly old one, The ariifinrid ndfiphes 
and the Hiickere Lave gotten lus far fis Guateinalft, the enrps to eoilrii} 
Mej,nfjo, and the pereliea and sniifisliM only to northom Mo.\irn. Of 
r!io South Amerioan fojraJieSj, the Inrirariid, nptrobippkl, oalliclithyidj 
and pygidiid eatfishes, anil four of tho tlvi* femilioe of N'eotropiofll 
charooins Iinro gotten only a slijflit hold in Panama and Costa Uicit. 
'ITio gjTiinotid cols range north to Onaiomtda, tho pimclodid coinshts 
to southern Mexico and Yuratiin, tins oichlids to Tex^ and the fifth 
family of choraclnB to Now Mexico, None of those nortliem or 
poiithern invaders save the eieliliils hag jiroilncod many startling 
enrlendi': forms to Central Amerira. The genera are Few in fiumlier, 
almaat nil identical with th«.Tse in North or SonUi America, ond rep- 
neaont merely a few of the most aggressive frontiersnicii of dominant 
families. 

In the cifililids, however, tiicre has been an extrenndy rich flower¬ 
ing of epi^eies of the South Antiericaji genus Ciehla^oma, scane of them 
distinct enough lo Iw placotl in diirerciil, genera. Ihu (iio cichlide are 
profmbly aiiioisg 1 he youngest of thecuterie of freslt-wnier IihIi faiiiilic^i, 
and tliieir active recent ovolntion in the .African lakes makes it seem 
prohuhle that their nrimcrotiii, closely rclatetl, Ceiitnd Ainoiicau rep- 
roM'ntfltivnjs are rathex young, Certain it is that iho South American 
CUId(immif.s are less spociallKod than the Central Anii'rieafJ. 

It is among Iho top-minnows, or cyprinodonts tljut wt find llie riosl 
distinctive Central American frcssfi-water fishes. 'I'iic most primitive 
living gen LIS of tho o^ipomtis faniiiy Cyprinmfontiilae (/Vc/iinrfMfuw) 
ii* confined to pouthern Mexicsi) ond CSiiatmnda, anil fiv>m anrestors 
rol, very dtlfpretil from it protmhly iipofte Uie pcciilior viviparous family 
fioodeidae, which is practicRlIy eonfined to Iho liio 1/*nim Rasin in 
Mexico. Ufltumitig momentarily to the Cyprinotlonlidnc, a peculiar 
gomis (f7tirmo.n//fa} related clodoly only to a Tfloridu form f.UfdaiifUa) 
oceurs in T[ ucutflii, and f.ha reniarkaide fjt.eys'yyaarrfM is found oniv in 
Pacific Costa Tlica; both aro relBtc<] to northom typos, as is Profvndu- 
hi. Of the Boutlioni rividltn! group, Rimthit alimo b found, au far 
north IIP 1 neatan. Of tho tnoTs Krfvatiretl viviparous ryprinodonts 
(Poeriliidae), Central Amerioa !ias n great profusion of endemic spitoies 
ujid gen ora, many of them vary pecuJjar. At teust one siihfamUy 
(PtitTiliopsinae') is practically confined to the region, ovorflowing 
slightlv into AriKonn ami Colombia. TIip most idgUly Bpccialmod 
genera, he well u.'i some of tlie moat genarnfitiod, oceur in Central 


■tsce ntgu) nmi lof r (OicuMka. 
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Aniericft, aud tUe s«i«jliid is riclM'i than either Ihe North ot 

South American. I eufipect Iho family to bo of fairly recant onem 
and it seems jirobnlile tliat this forms now present in the soutlmm 
ljuited StatoH are late iumuprjiuls from tlie soutii, Tliey like warm 
wut^sr too much to enjoyed Plcistooeuo noiida in tiie rojiipany 
nf pike or tuuskoUunfiC. 

t. Ot^NESAb 


Tltere la nut a scrap of factual ovidence, fossil or reccjit, on which to 
postulate a Nortli AdiBricnn origin of tho (sreaent South American 
fresii-wntcr risliea. At tliis seemingly jwntifical pronouneemonu I con 
SCO some s»f the proponents of the nortliernHTtrigin-for-overj'tliing 
theory ctiat their ayea toward that gooii nid atandbyp the Green Itiver 
Eocene of Wyoming. I am perfectly aware rJmt tlio common occur* * 
rcnco of repr^otalives of the existing Soutli .American family Oateo- 
glossidaa, and of the perconiorph genus Pri«ctic<iT(i, in that and other 
Eocene formations. Ima been held Lime and again to denote whore 
South Amcricji got ita osteogloesids ond cichlida,“ 1 have nlready 
said that t do not l«lievc the ostcoglossids can give iib much informa¬ 
tion on the Tertiary *lifitril>ution of the iiony fieliw. because of their 
age ami probiible wide Eocene or pra-Eocene difitrihutlon. Austnilia 
Mats cut off from Asia before the origin of any of the fa mi lira of doim- 
nant fresh-water bony fishes, yrt if Airs o ft'rfwff oafeoijltt^nd vjhich 
i* ffosrr to tU Greftn Etur Pknreodm than tU latter w to tbf lining South 
Ainerkau ganrjtt. Tisis single spccTcs of ScUropages forms the totai 
liviug true, fresh-water, ln>ny Iledi fauna of Auftiralm and Papua and it 
JiTirfs its only very close relative in atioLber lirfng species oi ScUropogea 
west of VVulLice's Line—and thin gonua is tlio only example of the 
primary* division of freah*WfltOT fislies tiiat exiala on both sides of this 
imcifint iuirrier. Both species of SdfrapaptK are extremely ancient 
relicts of the days before (Jfltaiiophysi existed- This will, I think, 
make it clear wlsy I reject iJio mere presence of an osteoglossid m a 
Xorlh iVniertcan Eoeone formation oa evidence of fi northern derivation 
of tho Sou tit Aniericiin Oatariopliysi," 

PnVrteiirfl of the Green River Eoeene was described Ity Cope aa a 
riehlid and b conHidereil to be ono by two atiidenta nf South Atnerican 
fislies (Haswiiian. 1012; iVaraon, 1037). Our foreiimst milliority on 
tho ciehiids (Kogan, lOOS. p, xiv), however, liwidfMi tlini PmeetfOra 
was not. n fticldid, and 1 agree with him. To mo it aeoms most likely 
UiaL the prtBcacarida weiro either siinJkhes, as Kogan (191(1) decided 


Sw tnEWlBliiV M-lliiPP nvidi, || JW? SJi4iWitw‘« nwwinaiWi ami tUftamAbn, ki Tsfcrt ttnj 
»bk!ili In lniBfltosiS 14 l» n Ni£fir(H>k«J xrmv, to iJ&lmrtto to ' 

*ffUri IME rilliaf ll»n AnkwiniTi Mtn'filflsUtl PtTjwf^grMTiaiiu w Uu ci| Ilia 

i*iFps* mih IfcM! Kortli Ammma Anialiiriili Cw* TtofM- 
ifewail fW!)0(lni«i4t ut H-mi. «U*l'ta U* Onrt IHti*, leait Ub 
rflwilen. t«() 111 fittinMM (W^u'PPH mi Biltmtpt). BrjAvUm U knawB ftuni Un itiwa* HiDnm 
Lmtaon C.'toT and may bW l» tia tiitooiklaiJpit 
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th«y Irenes, or a pundJel now extinct, that poasibly nroee fram 

Ui« some marine anc^torc nn Utc dcklidB. Moreover, pspii if Prism- 
cara was a ciclilid, it should l« reiinaiibi!n*d iJint even todftj this group 
is Plot partioiilurijr averse to sen water. The genus hod for its cciin- 
patiions in tlie Green River lo^e some fishes of muriDc groops hke 
/Wjdoinpsius,* gonorhynchids, and rsys that frequently coma up 
tropiosl nvere today. In any event, the Green Itivar shales give us a 
pretty picture of tlio early Xortli Arwericaii Xrosh-wnter fauna Itoforo 
the Miocene iuvaeion of carps. 

If the South American fishes did not come from Nortli Amarica. 
whora did they originatc.7 Tlia OstaHopUysi in particular certainly 
hail n cQtnrnm oripn s^imcvrljere. t must confess lliat T do not know, 
nor do I helieve that anyottn can unravel the history of this order 
Vr'ilhniJt Uie fossil eridence still locked in pro*Tortiaiy rocks, \rit1j- 
out thia evidence, specidaiiona on the earlier tliapon-tkl of tho order 
are tiscIgsb. Naturally, it can be argued that ali we have against the 
early presence of South Amoriciui groups in the north is negatira 
evidcnco, but if the southern fanufiss nevar existed in the north, 
negative ovidemn* is all vro ran expect to find them. Moreover, iJw 
Tertiary record of NortJi Arnerbiui fifihiie is not a blank, and if chara' 
ciiui and siiuilar old and aggrvssivo groups wore present in North 
America doling any part of the Tertiary, it Is excaodingly strange 
that not a single fossil has come to fight. ’^Thoro is every probabilitv 
that most of the dominant ondenuo South American ostariophysarj 
families am at least as old as ilio Eocene, and if tiiov were pr^eiit 
in North Arucrica at one llmG, some rcnuiant of them ought to show 
up in such formations as the Ortim River. The Eumiwan and 
Astsric fossil cridcnce of tlie northern origin of the older Africa ii 
liahii'e is as noncristant lut the NorUi American. 

Kigeninaim, the most eminent student of the Smith American 
Hshea, believed that there was u very definite pro-Tertisly conti¬ 
nental connection lietwenn South America and Africa, to account hw 
the similarities plainly seen in tin charachiit, cictihilsj nanilida, and 
olhuTB, but 1 cannot accept his gigantic land bridge (or Home of his 
South American paleogeography) aithouL Ijettcr gi*ologicaJ evidence 
thM 1 have eei-n. Regan (1032) postulntes a somewhat similar 
bridge, 

One fact alone prerente me from believing in a witte, open, conti¬ 
nental connection across the South Atlantic during the life of the 
pit'st'jit South Ampfieau and .ifricau families of freub-wauw flahiNi. 

[ have ruentionod the oecurrouco jji Africa of a moat rcmiirkahlo 
aascmhlttgp of undoubtedly old familios of isospondylon telcost fiahi'S, 

"TlMii»ii(tl4Mkld Stioam liwrfitn c>rUMfUMr» anJ HtthUia hn« IMlti tiwlu iVbUfw 

rntrnwrnufitVh^immJmmj kiad Ata^^aiiikUirpirt^mit. J9iri^Hiitwi£]Do,kiuftUoralUltdviUh< 
%M Chn«ui frM.vtlv Ibi mtA priDmJn mtmiq 
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to ivdy nothing of tbo vosUy tnoro ptiiiiitivo hichirs; I cannol but 
belJHFe that those wofO probably present in Aftino b^ore the cklitidai 
(Torps, or disrAcins. If there hos been a wide Terlifuy or even late 
CrcUceoiw bridge across the South Atlantic^ why do we find not a 
slti^e, solitniy ropresentativo of any of thorn (sbto again the f>sto^ 
doesids) 111 South Amiuica? I refuso to bcUovo that competition m 
South Aniericn could have killed Uwm off; they have Bunived just 
iin acute competition iti jUrioa. 

If we arc to have n South AUantic bridge in the laUs Cretaceous 
or ewlkst Tortioiy, the only kind I can conedve t» fittinj; the re- 
quireniaots of the fUhea is one like IiVUlis’s (Lb33) BrazH-GumBa 
uthiuua in the Atlantic, and fftiio Schuchort's data, it may hayo 
still been partly in ejdatenco np to the very end of the Mthsowiic. 
If our fislies were present in the oarticat liocone, they may have been 
Uiere at the end of ibc Cretaceous. Such a luiirow isthmian wn* 
neetion, with its abort, swift rivere, would not proviiie a broad high- 
way for all the fr^sh-ffster flahes, but it would allow to pass 
very same aggressivu types that are now held in common by Africa 
and South America. The lowland, alow-wiitcr niormyrids, panto* 
donts, kneriids, and bichira might very w'oU be kept out of South 
AiTic^ricii wliile mowj fictlvCp awlft-wiiter fidb^ pttSfrtsd. ihv 

btlinuis mav not have been connected at both ends at tlio lime tho 
teleostoan fiahiHt ciuue on the aceno, and the transfer may have been 
el tomato, or only one-way, but tine seems uidikoly. Any way one 
lixjks at it, the weak little lowland nandida, presont in biilh conti* 
Donta, ore problotuatio If one aupjmaes a bridge Uiat excluded 
toormyridB. 

In any event, the fiah evidetn‘e indicatea there has been tie South 
Atlantic ctumoclion since tlie Kocene. 1 have carefully compiirejl the 
entire exlemal auntomy and osteology of the A&ican ai^ South 
Auieiiran charadna that are supposed to sliow the clo«»t intorcon- 
tincntal relationsliip (the African Brjfcirtus and Afeifw add the 
American ffrj/con), bly conclusion is that both the African ^ and 
American fblioe are ctoaely siinilar only bocause each is a genfirsllaed, 
dominant, and aggressive anumd of a type that haa probubly changed 
little flince the more modem types of charecim originated. Moreover, 
in my studim of tbo eyprincKionts (Myere, 1031) I have compnrid thu 
diflkult-to-soporate South AmericanIfisidttsand Alrfcau ApVpiwamwa, 
They both belong to a retUor apediiLized group of geuern (the tribo 
Itivnlini), and are undoubteilly closely related, but it should not be 
overlooked that they belong to tlm eecondary divtsiou of freah-wato 
Gahea, and that « fortuitotiB wariae dhiperaal of one or more apoclea 
at aome lime in tlie Tertiary is not impofttuble, porUculariy if a Braidl. 
Quinoa ridge remKinod for a tiuia ae an island cliain. 
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Wlitti. I Imve (uu<i nill, I beliove^ make it flmr that our jircHaiit 
kftcwl^^ of ibo fialtcs vary didtiactl^ fuvors ti la to ^losoiioio or vor^ 
early Toriiory South Atlantic land coonoction and makoit a direct 
northom oiiipn of at least tlie Soutli AiiieHcan ostaiiupiiysana aceiii 
exceedingly unlikely. But I refusa to take a dofiiiite atjind on these 
quesUona. It would he extremely (jrt^iJinptitiiiB, on tlie huals of the 
fialiai alone, to atteuiptn flat eonimdiettou of the Bohirotic tlUpotutdof 
tin* uumunals, reptiles, and amjiliilnoo.'iso ttbly advocated by Matthciv 
Nohio (ID25), atid Dunn and Lti3t). Oox kuowledire of 
fo&siii fnesb-water fishca, especially iti South .ikiuerica and Africa, is 
very meagtir and I rcali/e how quickly the discovery of critical fosaii 
erideuce might change the picture. Iloa'over, 1 do heltcve tliat, 
fossils aside, the teal fi'esh'Water fudtes ufTor Inutter, clearor, and vimtly 
niora conservative continental aoogeotcntphiiMil evidauco than any one 
of the classes uf quadrupeds, and thair biiaii’ classification is far butter 
understood than that c»f the frogu and perUapa of the reptiles. The 
nmnmials take precede 01*0 only because of the more abundant fossil 
record. Mj chief contottUon is that tlie proptmonts of Ilolaretie 
dispersal have given too Uttle attention (o contraty concluaioiis In 
otiter groups and havo, porbaptf, liddon along on tho coattails of tlte 
iiiaiumal evidence a little ntore easily iKflii the evidence of their own 
groups actually warrants. 

Tho true explanation of tho apparent coufltct tw tween tJie fish a ml 
quadruped evidence may lie in a direction that I have not aeon pointoil 
out. If die Dpi-Mesoy.oic interval were a time of great uplift and 
deijuilation, of longer rontinental duration than generally supposed, it 
may Imve been long enough for the <lilTerontinti<]u of cha meins and 
other primitive ostariophysaua in the north, the southward dbperaal 
of a few types of ancestral bagrid-pimelodJd entflshes ami general izuj 
L-liamcina into xVfiiea and South America, and the extinctkiii of thia» 
Ui nolarctica, We do know that much of the recurd of this jicriod 
liaa beixi lost. But tlda is pure speetdation, and, iii tho words of 
Regan, ^'The • • • view* that Oslariophyai ifrigiiiated in tho 

□ortli and aprend southwards, involvea ao many iinprobahilitiis) aa to 
Ite almost unlwliovRble/' 

Ketunimg to the N'orth American nahes, it may he said t hat there b 
DO particular arguniant about them. They, at least, twciti l<t have 
originated in the north, either in NortJi Aini rica or the ofton-»x.n- 
ucctod Euraaia. Tli^t- South Ammcmi ones are a problem, uiid I 
leave tlicui tluw, U[r In tim air, so to speak, for it aill he rememhered 
that I prumbctl to come to no conclusiotu. 

WICST INTtlAN KOOGl'OflRAI-IlVw 

1 he geological history of tho Innd and fresh-water veriebrate 
aiiimaU of the ^^■e8t Indiea btdore tlie I'liutitocene b still idiiioat 


1 *lii JiHtiSDpMmC lit liU]4li iti9 UtMajm Utd bilri DUC ItEoTlMi Urll. 
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ntikiiawti. It rs tliortTorti jicrtidctit to point out IbaL eptiti: 

acliouioa of ilbirilmtlon baatiil <<ntlrc»ly on tlu> living (or I’lcuittm'Vitt*) 
fiitum are likdy to r^^'oive rot)|fli Irfuttiiieut wlian anti if good fussiJ 
vviiKuii'o U found. is known of tlu^ freslnwatcr (iiljeo of tlie 

islatub, tUotigli uuti.ructivo, will of itself aiiswor tio tm purls tit question 
ironclustt'ely^ niid I sliiiU tlierefore girc only a brief and very sketi'Ly 
uiiiitjiiary' of one or two of tbe probloins whicli llio ftsbea miiy help uh 
to solve. 

Miicb liQ8 been piibH&hcit on WcisL Indian 70D>fcoin^ipliy, For aiy 
purpiisos, 1 rofer only U> Mutlliew (iPis tuid Itilb), Barbutir (1914 ami 
1910), Antluoiy (1(118), Scliorir (1922), SelutiiiU (1928), lUtJ Diiuu 
(1924). From Llm bibliogniphiiH} of these piipeni mtne idea of the 
i>tliiT lilcraltirt' limy bo gainvil. 

l^xcept for Mattiiew, most of tUoso writora ura ra Liter delmltcly tti 
favor of a ntiioti of the Greater Antilles at some time duriuir tlm 
Tertiary, and a eontinoutat cxjimeclluji of this mass or one of its elo- 
nicnta with the Korth, Centnil, or t^outb .ilmerirau nminlend at some 
periud from tbe late Mrsoy.uii: to the niiddJo Teitinty. I ailndt tliat 
tbo evideuee men present is boUi enticing and itnprmsivo. The 
dlstribuliun of the aiiiiiLLibiaiis b tlm niosl impresaivo to itiu, [Hirhups 
bimause 1 am mure familiar with that group tbnii witli other quad¬ 
rupeds. Since tbe Lime of Darwin tbe tmtnral occurreiico of amphi¬ 
bians on tin iskiLid has been almost universally mropted as tnoun- 
iTovorlible ovidenL-e that that is land has bod a continental land 
conn«;tioii. Ainphibiftiis are dolicato creatures, oxtromeJy sensitive 
to desiccation and to sail water, am I tunce they do not pwaseittt wings, 
it is liiirieulL to iinngine bow they itould possibly crojia a body of sea 
water by any unlitral miuine. The West Indies, espcciully tlie 
Greater AutiUes, ore extremely welt aupptied witli sovoml genera of 
njuphihiaiis. Indeed it would seem Uiul one of the duof diversions of 
contempumry jVmerican herpotologista is the describing of new West 
iiidian EtmihfF{nitiCt\fii! If I um not boUovod, I would refer my 
quGotionor to Dr. BoxWur'a recent list (1(135). 

Against this eviilenco, the late Dr. Alattbow Una stood out prac¬ 
tically alone in main tor ning that tlio West Imika are Ltih- itceunio 
isiauda in tlmt they bavo iiovcr hud a couLuietital coimeolion. lie 
holds tlinl the entire tiirreatrinl fatiiiit of tlie«* islands is a waif fauna— 
one gaineil entirely tlirottgli furtuiUius metbods of dispersal such 
HU wlnda tmd ilrifting debris. It may bu said tliat oiaiiy biologists 
ore Cuming to nppreciate that wi island can pick lip an astonishing 
number of vortebruto and invertebrate auimaLs in tbis luimner. 
(Ireut tropioiil rivors coniinuatJy carry HoaUiig innosea of vegotatiuii, 
sometimes of couaidemble extent, out to sea, and all sorta of ervut urea 
are ktioxvu br Uuva been llouLod away bi> nu one knows what fate on 
rafts of this tyfie. It is cortuin that tbo fiopalutiniifl ol tlii^e rafts 
Kisua—ail—m 
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tijtuiiUy (Bpet tlifiif entl iu nJtigli water nr stoma soon ufUT luavtiig 
UiB rivers, Imt imdoubLcdly in mte instannw datural mfUt »w do- 
[xysited on distant chorea witli at least ijome of tlietr crows in u yiabte 
state. It is sntirelj' conceivable tlisL even tree frogs, vbicb forai 
ibe ereatcr port of lie West Indian EUjipUibian fauna, might occoaion- 
uUy boeonie imwiiling auiiois, Nor La it only rafts from rivers tUaL 
tistHl be coiiaiderod. .Almost any kind of (lotBurn or jetanm of any 
siaa is liable to be tonitnted by aomo land creaturo, Imriging on g^ly, 
if lie is able, ttntil lbo sea swallowa bini np. Tbo millions anti millioua 
of years of geological timeBuraly allow enough for the (comparatively) 
(roquent washing up of nafta on dislaot abores and it lb boyoiid 
question tiiot many udanda Lave gotten Ihcir present faunaa in this 
way. But, I will remind you, nobody bus over attomptod lo csplaln 
the diatribution of freahwalcr dsbeo by the raft method I 

Groftt palcogeograpliical intcrsal attaclies to the frifah*wattr 
(iahes of tLio li\'cst Indies* L^t tiB see what they leil ua, 

WiasT INDIAN FftJtHf^WATEK FlSHtS 

Tim most Btriking feature of tha fresb-walor fiali fftuun of Hip 
W wl Indies ia Lho conipleio nbaonco of niemborB of the primary 
division of freab-wator Mips, in particular the OBtoriophysi, whicb 
Bwunu in all tlie waters of Jiortli, Central, and South America. 
Every West Itidiau Ml to wliicli the adjectivo "freeb-watpy’ could 
rmsably apply belongs to my Bccondary division or to groups still 
more partial lo sea water. In tilts, the West In^ea closely pandlel 
iModogascar, where not only is the piimary division entirely absent, 
but (dso the Mcomlary ones that ore presont bobtig lorgoSy to Um 
iiiuiic fiyEtnmalic groups aa do ihoBO of the West Indies, 

To Itegin with, llie rivers of the West Indian islands hitrWr a 
number of fisUia, beionging to purely or partly marine foinilies, 
which come up from llie tea. Tlicre artr gobies ami cels and silyor* 
sides ond gray midlota, some of wliicL ciitoj freah water only occasion¬ 
ally and some of which live in the river* moat of the time, returning 
to the sea only to spawn. Ono of the most conspicuous and ttHdely- 
known of West Indian freab-water Mica belongs to this eategopf. 
ThLa La the mountain mullet CAi(Oiw«(0'mufl)i known in tlm Spaiiisb 
islands oa daja^ or ff«i. Thare me three West Indian fi]iecic8> tlic 
largest reaching a length of a foot, and olhurs occur along the Ciirib- 
Iwon connte of SouQt Amoricn, in Central America, and tbo Gaia- 
pftgOB,® A related genus (r/uiiiru*) lives in Cuba ami Central Amur- 
iea. It ia not knov™ wbetber the mountaiji mulleta return to the 
Pi-a to spawn, but wo do know- that they belong to the marine family 
of gray inuncts. and llmt they and Lbeir companions, the eels, gobiw, 


■ lUfan ClWi) Tivlaod Ili 4 AedkIcub IpHlii 
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fLnrl lip np( obey tiie dbltibiiUnnal niiefi of true fn^li-wnler 

ndiefi. Tht^y arm at up hap to iie iii our pr^ept probliuu. Neither 
pre till- two blind hrnttitirls of fJio Cuhiin cavaa. Tboy ure the oidy 
known freoli-wrtter ro[ime£ittitiYCa of a prinmiily deep-water merUie 
fiimUy. 

The lisliea which really heEpniit U> our ^eecmdaiy diriBion of fnBfih- 
wetar fishes nro rofemble to five famitica, tiie garpikes, the syn- 
braiicLJd eels (Synbranchidae), the viviparous eyptinoJotitfl (Poe- 
riiiidfio)^ tuul ihe cicfilids (CicliiMae),. It may bo best to aurvey 
them Tirieny to make cleiir our iIlbcussjoii of iho fiitinaa of the purtioulBr 
idiuida. 

One garplkOp Lcpidojrt€w tri^imchw^ occurs in Cuba, It b 
ganorally ^iipiiosoi] to be identiciii with the nJligntor gar of the 
onnthom Ututed Statea^ but this b questionable. If the Cuban gar 
is really dUTerentp it hes probably been ia the island a long timot but 
irarpikea are reported to enter salt water. 

Of Lho synbnmchid enb* only one apccioa (Synhrnnchii^ marmom- 
im) ie West Indiftn- It is tho only American form of the family 
HO far known und it ranges frem Veracruz to Ar^eutma on the 
iimLnlaiuL A flingle species uf the same pnos occurs in Africa and 
another in India; the InUian one, at least, b known to frequent 
hraokisb wntor. 

I taro already rnentioned the cichJids in coiinectiou with South and 
C?ontr&l Amerir.an fishes. TTiroe Antillean spccica are known, all 
doaoly related spocies of CHchlasotm iMjars, 10^8; Tco-Van, 1935). 

If the two recprdfl of West Indian Fiitid^dm aro mythical, as [ 
believe they may bo, tlio oviparouiB cyprinfidonte of the Antilles liolang 
to only tlireo genera, Oifprinadoii is a genus of the southern and east¬ 
ern Uiuteri Slates, northern emd eaeteni McTdco, and certain Carib-^ 
bean Ulatula. The seaboard continental spociis always occur in 
brackish or salt water, and the irdand onm are partial to the alkaline 
waters of dosert pools. The mme habits are exliibitod by tho island 
forms. Rivtdu^t on tho other liaiid, belongs to a South American 
group *■ ibaL has a gcucraJ inJanjil distribution as far north as Yucatan 
and dm Rio rtipoluapon. It hm boon taken in lido pools at Cuns^ao- 
Tho poouliar OuAamdA/Apjt is found oiJj in Cuba. 

The vivipufous cyprinodonts form by far dm largest proportion of 
the Antillcnn frcadi-water fiiitt fatmo. They belong to two eobfamilifSp 
(jHinbusuTuto and Pcociliinite, and of lho Erst, Cuba posseBses an 
endemic tribe conijiuseil of five distinctive genera.** The other 
Antilloan GambusihiOP are fd! members of i ho widespread Control and 
Xortli American gonus Gambusia. Of tho Poeciliinaa there ia one 
endemic Wc*t Indian gonus, it mm, mid tliree others (Pownlifl, 

■HwA1rA[tlfiUp 

HubM (lion tht Mr- ruvu nimn irmi» «&|1 irjIimHsi. tSwlM fa 

ilui wtof i4Ecr ijiLHircatnd wiib Pom$(M bf nubta. 



35S ANNtTAl- HEI-ORT SWrniifOSL\N TKHTITimOS. 11«? 

Lfhhtes, (ind Unit are sliarof] witli llie maitiljuniof Sou»li 

or Central Aiiierir*i. 

Thr LtMser AntiUti nicj* be said to posaees no fmali-vriiter nahesnt itll. 

1 Lustcn to sny tluit 1 ilo not inchido Trinitlnd. Thol i^atirl ia mcrelv n 
rorentlv fiopamloti port of t-ha moinland- Most of its many Ireali*' 
water iisiic*i ora Bpoeificolly iduntirul willi Orinoco and Gnliina ifpecioa, 
nod Ihnso llmt now appwor to be pceiiUar may conlideiitly be oxiMictcd 
Ic* turn up when ttie Orinoco delta is oiirt'fnlly firfiod. All tJu' lajeaer 
Antilles (hni have aiaahie Btrewns seem to Imvo tl»c atmimarine uioun- 
lain niiillot« «nd giiblee but the only fisbeo that we could retiUy call 
fresh-water ones in the whole rbnin are two poeciliUla, die ''guppy” or 
“milliona” end Pofft/wi ptpi/fflro. The latter is recorded 

from Marlitiique luu! Iho "guppy" frotu St. Ijicia and Barbados. It 
U ]irobable dint Iwtb oeour m other islands of ibo liccward group, but 
I am not wholly eojivinecd Ihat these two tiny ami vory prolific fishes 
were not mlrwlnred by man. In btc years tlw "guppy" has been 
spread far and wide in aiitimnlarial worU. Both ato admira^bfy 
fitted for waif distribution dimugb wiiidstonus or even HCdml naviga¬ 
tion of onmll strotehra of ocean. They are liny lowland fishes of ihv 
fresb-water liilftl belt, and on the continent noror occur far from the 
coast. I IiBVO observed their iiardijioss in strong salt water in afitiaria 
on several nceaaioiiB, jjUUoiigh they cannot exiat for any very estonded 
perifid in sen water. Tho depoaifion of one pregnoDt femato in an 
isbind Btroam would soon fully populate that Ldand. It is ibereforc 
ovidont that iIuto ia no fish ovidotira <o support n claim of roiitinental 
nnioii of (iic Lessor AniiileB, or to givo lis a bint of die histories of 
individual istanda. 

Tht Virgin Island*, bo far aa fresh-water fLahea go, belong zoolngtcolly 
with the i^Beer Anliilcs: there UJO no fresh-wattw fiBhca. A FiWiitf«« 
has b«!n drscrilied from Ihem by Fowler from the oM van lUigorKma 
collectioTi, but die speeiinenfi lire only doubtfully ilisdnol from a com- 
inoii North American hrarkiBh water kiUyfish (F'undnftw Jcrcwfifuir). 
If a Fitrnivhm of tins typo were really prtssent, it Klmubl Imvo sprcuil 
tliroughout a good pnrt of die Antiilns. 

bos lie. most distinctivo faiinii,*’ There am tho garfiike and 
Stjnhmnrhvs, noillicr of which Is known from any of the odior lsland». 
\ dUdnetivo oiclilid, mlfttcd rather oloirt'ly to BevoraJ apocica in 
Bnutliem Mojfko, U very cotntauri, Among the oviporoue cj-pritio- 
donts there Lb otin Rimlttf, related to Central Anirnemi foruiA, ontl 
one or two aniispecieft of a OgpriniKton whicli is imiiiiuoii tn brackiph 
water in Florida. The tnoBt interesting tnomlwr of die group ta ibo 
little endetnic CuhanichthifS eubemis which finds its only neat min- 

« gH EifofHMBft rpew) Td^fuiraKint mvrr^ Ingcni ol Cuhoa BfarhUtil hnvu t#*n rrsfiV}^ 

mlMfl br Uuh^ inti M rvris 1)990. ItubMi lie^> tiu iftrisart EIimIkBMUI'I rKwtiAcfllltu] od Itu vlvli^roui 

pwUlJfta mcTP Pwwflly EUBl) Ihn im Upwirtna tms ll44b Wf9ili!fp TUte 

iM iiHi £|S« til riBH. nfdt^iwrkioiul ►aril Itfr nuti* uu! Di. iian^ tttw H i5i imptrulon. 
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Live in tiic FJoritlo, fresL*writer eyprinodont Chrwpeajif goodei. With 
tlie (jar and Cyprinodon, iLis lonns the oniy elflinE*nt ia the entire 
West Lidiiin ffSBir-wiilef fish fa mm lliftt points toward a North 
Aineriesn roruiection. Cypriwidon reriainly eamo by ecu or windt 
and the pir is not really good ovidenco until wp know more about 
it. [ ronsidor that llio weak little Culumifhtfiyit and Chriitpfppff 
foniutitj hj (lujinseJvca a greup not pnrticukrly nlosH> to mlirr genera, 
may have had relatives, now extiticti in Central AmcritJi. The 
most striking olornant in tho Ciibtin fish fauna are the five pejiere 
ivJucU form Lire poerilud tribe Girardiutni." Tiiey fonn a virry dis¬ 
tinct group, distanLiy related to Central American types, and 
111 list laive aiiwin in Cubit a long lime ago. ikmbusia, with two 
Oiibari specica, belongs to the wimo subfamily, hill to a widespreud 
triiic. There is one Cuban Zimm, a Weat Indian of niiotlier 

subfamily. 

//jfljmniefa [Haiti and Santo Diuningo) has only cichlide aiul 
cyiirinodontw,*' The single well-known richlid is almost ideuticiil 
ivilh the Ciilian one; a doubtful speciis (not yet nunied) is known 
frofn n ritiglu specimen. Dnt thero is u fossil ciehUd from tiie Mio¬ 
cene differing from Uie romnion living one only* by a couple of verte< 
hnic'.^tho ordy fossil of ihe preawit Antilleaii freah-water Dshos yet 
diwovered. !t would seem, therefore, liiut cieJdidfl have been in 
Hispaniola atnre tho Miocene. Tho only oviparoua cyprinodontfi 
reported from the island are a large Cgprimnfttn, hTing in tlie Iliiitinn 
salt hikes, and a tiivvlfts based on one specimen rapi.nrT?d under 
peculiar ciTi(;ujTistarii.'Cs on Snomt island off the southeast coast. The 
viviparous forms belong to the ubiejuitous genus ffizmAu^i’u, to Ziiwwr, 
whicli ta known ontatdo [[i!i]Uiniola only by the Cuban and Jamaican 
species., and to *V/<jffi>nia«i, w getiiis knuwd I’laewhare only on the 
mainland. There are tliree ttrmfriwu'ue, related to Cuban and Jatiiiii- 
cim sjjoeiiis, ZinuVi, with tught species in the island, probtibly orig¬ 
inated there; it is cIoeo to rofiriffa. The Hbpaniolim Alolttfni^in 
ta uri isolated form, not at all close to the Florida uoe, and perhaps 
finds its closest rclationahifv in tha specios of tho const of Clolornbia 
or Pannnm. 

,/fTi 7 fUtVfj htta only vivtiiaroua ftyprinndoriU, Single old recomla of 
a South .Viimrican catfish anti a Ccuiral Aiuerioati ciehlid are prob¬ 
ably rnistakew, but 1 slinuld not lie sitrprUcil lo sea a real eicltlid turn 
up (here. The cyprinndonts are four and twr^ ti'mtrw 

related lo Hispaniolan ones. 

Omnti Ctiyffia?! bus one (Atiuditsui., 


> nu3>te 11994 » 1»1 LUO 

' So Ti^Vgci iwnA) iifid Mrm ova uni Lun. 
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Pnerto itim b the rmonrknhle of the Gratter tt% aplto 

of the fnot that iti) higher Tortebmte faima is vfoy eofiiparabltt to that 
of IlUpajiioluj its soJo and only fresh-wat^ fish k the viviparous 
cyprinodont Pc^itia ^ieipara^ which is common in South America 
and the Leeward IslandB. That Uiifl strange abscimo of any tiling we 
might expecl U reiJ and not merely apparoTkl ia shown by Dr. Hildr^ 
hrand^s rocent extemeive survey of the Puerto Rican Btrcama,^ I am 
strongly of the opinion tliat the PoecUia got tliere by r<jfiuilous meanaj 
or by The hand of man. Many years ago Cuvier and Valenciennes 
dea^Ttbcd a FuTididw from Puerto EiOOj but it has remained known 
fjtioi tho single typo spocin^en in Paris, since the other typo specimens 
wore shown to be a GambuMa^ t do not beUovo that a Fundtdtis 
exists in tha [aland. Tyhono Nichols (lt>29) got hk 0guro of it I cannot 
say, 

WHAT DO THE ANTILLEAN FEESH-WATEH FIBRES INDICATET 

It b dilEeult to say just what the fishea indioHto- Tlic dbtribTiiion 
of eeveriii of tliem is fto peculiar as to suggest that thch" arrival has 
liecn fortuitous and not dapendfuit on dry-land conncciiona. Afo/iwni- 
rio in Hispaniola^ Poecilict in Puerto Rico and the Leewards^ and 
C*tf6<rTiiclUA^^ in Cijbn are examples in pouit. The arrival of one 
Zitnia in Ctihri and tha presence of fiaaredy different cichlids in Cuba 
and Hkpaiiiula might signify ocean uavigatioii by these Q$h^r and 1 
think this not unlikely. However, llie preseneo of girardinino 
poediads in Cubap their absence in Rispimioln and Jimaccap and thft 
rloao rolattonAliipa of the Goitibuaine and fJmiae of die Ittai two isianda 
is Instructive. I do not diink Ctiba and Hispaniola have been united 
during the probably hing erisicnoe of the girardiniiieaj but JamEkica 
and Hkpaniola may havo befin. Puerto Rico^ from the fish evidence, 
Beenis lo have had a long separate IiistoTj. 

Of oourso the most remorktibie i.hing of all is the eniii* absonco of 
OstariophysE in tlio West tudins. On the face of il| the fish evidence 
UisTefora pointa etrongly toward a lack of any mabilauil connection 
during a c<»naidorabk jiart of tlio Tertiary. Pers<mallyp 1 am of the 
opinmn that aomo liortlienii and n number of southern Oetarfophyai 
liave been in the process of penetration of Central America for a long 
time* and that their absence in theisTonde is eignilkant. But another 
iJteriJBtive must not tie lost sight of. Scharif^ Sehmidt, and others 
have mentiDne^t the fact that the land aren avatlable seenia to havp a 
direct bearing on the minrivol of at least ports of a tond fauna~in 
oiherworflfl that an islioid^ through parttAlsubmmgence] might htH^omo 
too am till Ui pemut tlie etirvival of cert ain spoaes, 1 do not at the 
monient. recdl having soon this idea applied to tbo fresb-wntcr fishes 
of islamls, and 1 think it will repay us to digiesa a bit to diacyss it. 
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AIthought itUtliy<»logiiitii liave neTor particulaily rojniirlioil it, it b a 
titat all of tbo pimiitivc, relict funus of freali-w<itor Dfibea that 
persisted to medeni tinieo are iuhabitoJiia of relntively sluf^risL ({uid 
usually iaige) lowland water systema. Tbe late Prof(«»r Eigeninaim 
ovcrlookod this wticn Jio ioumeyed to tlio Guiana pinteau in 1S06 to 
scorcb for posaiblo atirvivora of Uio fish fauna of bU “Aicbipiiana”: 
lie found none. CUangea in tlie physical featurca of mountain arena 
are loo swift t« pertnit survival of any except (ishea that have l>w:«iiie 
jieculiarly adapted to life in swift water, and tho few relicts of a dying 
race are not the ones tlml tHKx^Jiie adapted lo such a hiud life* Peno^ 
plaimitiou of a tuouutain range means the cKtiuctiou of the highly 
adapted hill-stream lieJiea, since (despite Regan’s case of the iistro- 
blopids) evolution is not exactly reversible and cpccialised «vift~watcr 
fishes could scarcely be expected to revert to a sIow-wat«r iiabitat 
deficient hi oxygen. 

Tlie only insfaneea I know of true relict fishes living: in niountainous 
areiis concern speejes existing in mountain lakes tliat have been 
ckivnted bodily, or whidt are part of a once extensive plateau lake or 
river ajistem, and wliaro llie certain druinuig of the lake in the not far 
distant geological future will sound I he death knoll of the relict. An 
especially good example ta Aeon in the remarkable fish Chmdhuria in 
the lul6 Lake^ Burma* 

It may bo oxjKicted that a coneiderablo proportion of a mainland 
fiali futioit living on load tnasfiea (ialandal subset]nontly cut off from a 
coniincnl will be lowland fislies not particularly w'ell adapted to swift 
water* If the island wiire to Iks partially submeigt'd within a com¬ 
paratively uliort geological period, the lowland fish fauna might ho 
entirely annihiUlcd. This would be all the more likely if the origiuul 
continental coiinvction had been so low as to permit ihe entrance only 
of lowland types and Uie ffubiiu rgence occurred before thests lowland 
fisliM had had time to evolve liill-stream types* 

We do know that mimy of the Antilles luive experienced con- 
sidonihte ehnnges of elovatkai. Darbadoa in particular appears to 
have lieon very hodly treated by orogenlc or other forces. If wc can 
baliavc the evidence of itn sedltnentiuy dsi>osltM, it aniik 6,000 to 
10,000 feet hetow' tlio sea between the I'lncene and Miocene, and in 
the i’lioceuD hob1>eii up again as on Ulond. Natundly, complete 
subsidence below tli® sea would destroy tlie fresh-water faiinn, and 
ibe Greater .Antilles have exporieucod no such dovostatlng cbatiges 
of iovd, hut even relulively slight subsideuce migbl have a jirofound 
effect on tins river fklies. 

In Bjute of thb, 1 fool fonfidiail that hod Hggreseive Oetoriophysl 
over bwn able to roacli tho Greater Antilles, nothing eJmrt of almost 
complete submeigcnco of the larger islands would have entirely 
destroyed litem. Charucina and carps in particular would have been 
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especially udaptuble tit hiU-etrearii life, and tlieir vigor uiul fMuiidJty, 
especiiUIy m the abeeiice of eouipetitors, vrould havH eiwured ihelr 
survival uader aUiiost eiiy naitirol conditions short of complete 
dedccntioit or tnimerdoti ia sea water. 

If thia view bo grunted, ibo only eoncoivalile coatiiiciitol ooniiaclioii 
of a tlrcater AiitUltain buid tnasa is oiio with CotjLnd Auiodea, nt u 
time when nsitber the North Americuii nor tiie Scniili Afm'rican 
OsUriopiiysl bad inviidod much of Middle Amvrica. 1 tmve already 
shmvn that ivy etmtiot dale ttii^^ iiivoeiuiis. ]’'iiiiil]y, if we life to 
suppose that all tbe SotttU Americnii OHtiiriopb3'fii orig^ally wended 
Ibeir way southward LlinnigU Ceutriil America, I bebeiu we should 
liavo to piiali any such continental bridge Iwick into tlm Mesoimif;, 
if indeed it over fjxisted at all, 
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FtATm 

TjpIcflJ Kotih Atncrlc&Ti frrflh'wator (xah^. 

Fit I. A carp M mlaiwrw, (prom Ciinrd, Fiutifiq K. Jt Rep,} 

3. An Hmeiurtd Mtfith, AMWiiru. (Fituu Nvorauian and Kendall, Bull. 
U- a Bor. rieli.) 

3u A ati^h, wnmouUi haaii, CAuwoifjdiui. (F«m Pacific 

It a. Rep.J 

*' PT’’' “1? Por>«p and Rlchardwn. 

IDIaou State Nat. ITiiL Surv.) 

Platm 2. 

Tpptail Snuth Amertcan frc«h-waler Hein*. 

Fio. I. A sMiwallewl chiundn* (Frota Giintliw, Tranit ZooJ, flot 

LXintfafi.) 

2. A Kmmtid «t rtrfcflfwfwuMeAa*. (Prom HfN. Mem, Chmesfe Mii*,) 

3. An amo^ calfiah, or Idriwfld, Plfoiwrtowiu, (Prom BUnimi 

Umr. niDl.) 

PLati a. 

Typical Wait Imlian freth-trater nihsa. 

Fin. 1. A fflouatab, m-tllrt from St. Vinrort, Ajcnortei^a, (Prooi 

Gflnibor^ Tnum, Zfifll. ikw. IfCiEtdcFh.} 

2. A ,irtparouf cyprlnodont, or pcodUlt!, fron lha Artihonito Sjrtetn, 

3L Wycm, 

J. Tlici malt. (Frotn ElMlogicn.) 

4. A Caiman, HaJU, CSWUoioac Aniffaart*. (Drawti 
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TIIE BREEDING HABITS OF SALMON AND TROUT 


Bjr tjlOPrAn]> F. Hc^sclti 

CWoXdr, DimMiom ^ C^nitod SUxi^t Naiiontd Afutdiiin 


[WiLii S plAtat 

AUhougli Biiliiioii find liiout lire o^ the greatest eecnemic importsnce 
in Uxe North em Eomispliere and bare been mtrDdnced into scattered 
ureas south ef the Equator, nu than tie information ooncemliig their 
breeding activities is not genemlly availsbto. Many volumes have 
boen written on tim Life liistorioa of Balnian and trout, tncludhig 
eevoral popular books, neatfy aU of which iucorrectly portray (Jj* 
epawning habits of this great group of listi belougiug to ttio family 
Bulmomdae, Ttm toehnical selection and brooding of domestic 
aiiimuls, fUeh os cows, horeea, piga, and chickens, is a highly speciiiUr.ed 
auicnce now, but the eoiection and devuiopniimt of dmilaj brood stooka 
of trout received little attention nnlil recently. 

The spawning migrntion of salmon is onadromoua, or from the sea 
to fresh-water Btretuns. This is the levarBo of that of freab-water 
cels, AtiguUia, wbich Imve a catadromous migrafion, or from frosh- 
water stroama to tLo sea, Tliose eels which live in tho sLreattu trihu- 
toiy to the region of the North Sea imgrate westward m the Nortli 
Atlimtic Ocean n distance of about 3,000 miles Ut a location a Uttio 
north and east of the West Indies, This long migration is no greater 
a distance than the king salmon of the Paclhc travels to deposit Its 
eggs. Iti the Yukon River some salmon go up the river 3,000 miles 
(Gilbert, Bull. D* S. Bur. Fish., voL 38, p. 318, 1921-33 (1923)), in 
addition to a long migration whUo etiJl m the sen. The n%ralioD of 
the king salmon is probably tlio longest of all salmon and trouts the 
pink salmon migmies least of all of tbo Pacific salmon fgmniB Onco- 
rAyncAus), idnco it spawns near the tnouths of stxeiuus or upstream but 
n few milEis shove salt water. 

In troiitj genera Salmo and iSbftwfvnus, the migratoiy instinct is 
also dehnitely dovelopeth but Uiese forms spend moat or ad of tinar 
Jives in fresh water and thus tbeio is no necessity of migmUng ^ for. 
(Jther closely related fomlihs of saJinonidliko fishes, such os wlitto- 
fUhes (family Coregonidtto) and smell (family Oametidae), make 
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dmilar TiiigraliniLS. Some of the am^aUp howi^rerp ilo not ontor 
wrtter gtneame, but depoi^t tlieir m tho Hue gravel of iho oco&n 
beach among the breaking waves. But the habim of fisU spai^-'ning 
in the o(:ean siuf cmmot be told bore—'that b another story, 

T!io salmon^ in their groat urge to roach the proper habiLiii for 
Jopositiun of their often wear ibomselv'os out in tboir uttompL to 
uuviguta waterfalb or hsli laililen^ jilaceil in ilainn (]i!. If). U b saiil 
that Pad fir salniun will ]ii[i}]i vertically m iJiut!b nap or niort! LbuOp 
ti> siic Ciiiiea their li!iigth in an alloai|ir to go oTer w ivU^rbiUa. 
Some times tills ii fatal to the fbb oa it falls tmckw-jird and strikes 
&haq) tx>cks. If he is not aariously injured, upon rec^^very he will 
contin^ii^ to leap until either Buccessful in goinji over the obstniction 
or undl be k couipleiely 02thmisto<l aud falls prey lo birds, boaifa, or 
other proilatorap as he tlrifts ibiwiist.reaiu. Tho urgo to go upstream 
b so great in both salnmn aud trout that they ospoiul a great omount 
of iboir stored energy by the lime they have spaiwueth leaving them 
w'enkcued and emaciated^ 

This woni-^mL iMjndiLiDJi b not the ekief muse of the death, after 
eiMiwsingp of the live spcuies of Pacific .^idrnou. tnsicuidp they fiavc 
reached tlto end of their life cyelo, and even thoae Ihh in giKnl miult- 
Lion dio shortly after thoir rcpmdiieiivo j^oriod ia cnmplelml fpL -1). 
Tn.>ut, etccibeitd^ (pL fig. 2) ond tiie Atlantic: sahuoii niiiy opawn 
for eeverikl successivo years before completing theb life cydos. 

Finally, after travirrsing gn^at dktuiiciJfl or but ii few miles^ nil 
s[>odes of salmon and trout attempt hi locato a jmrLbiiliir type of 
stream iHJttoni iu which to lay their Their Ui'sts are built only 

in the graveUy or stony siiotioiis of a atream which bos nearly eleer, 
rapidly flowing winter of a rathiir low tempera tune. If the fish aro 
urisucoGssfiil in locating ttiaie conditiom, tljcy seldom lay thoir eggs 
and may die Instead. There is ovichincOf that tku gr^et uuijority 
of Pacific sahnaiit as well os some spucjia* of trout, seek and iJHLutU:i' 
find the stream in which tlmy grew up as ha hies p avi-.u thmigh a fnw^ 
inten oniiig yetif^ wens spent in the far-aw'ay eea aud etitlroly oiitsido 
tliv influence of the ^'partnit wtreaui” (navitboiij Scionco, vol 
pp. 55-5tii Hi37). Thb U known sb the *"koriiing^* uistmct of 
salmon and trout ami b often referml ursihir the name *^paronL 
stream theory." 

The time of the yaar w hi.ai BoluiDnids uiigrnhi' mu! Iny iJuHr tggs is 
highly vormhlo. iWific Suluion spawn any time Emm Ui Do- 

canibif, depending oti Uic locality and ilia specks. St^idhead^ or 
rainlH>w Iroutp npawn Li luta auttimn ami winter, or in certain regions 
in the curly spnng+ Cutthroat tmiit typically tiro spring spawmors. 
The Atlantic salmon, eastern brook trout, w^f^tem dolly vardoii, lako 
trout, Lind brown troutj ah brood hi the auiumu. 
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RiBy ol^prvi^d to build nefsts find p^sriiapsi flpftwii 
by niiyniH^ whu inis tii<> pntknicn md time to fttudy audi activitks. 
TJio ub’scrvcr sliouhl ciiiutkiijdy appmadi tlwj gniVfll m l^h^^?ll 
saucerli3c& depraKions* I to 4 f«et in tlmmctcr, hftve bv^^u e-^cavutwl 
ttnJ wh&ro trout oRcur during ttm spuwnbig If he FAmiiifiii 

vor>^ stillp hi 5 Ui 20 nxiauUis the bneeding snlmoti or trout will riwiut 
buek o\’er tJjt rilllo wbcro they wore when ihit oWrvor first mnclo bb 
appeariLQcu. Tlieso /i$b may stay u iu<jmOfitj thun leave for tbu dopp 
bolo agfljii^ tiBunlly alw^ve liio rifllcj wbera limy hido for some tijno 
l^iforo figiiui vonlLiring out, IbmovoTp if all is still and quiet afu^r 
one or innro m^h tlio spaAvtiiugsulmon nr trt>iit wUl remim on 

tlio rifilop iiOftHy oblimiis of the proaouea of tlie fijHsctutor. If the 
observer $ihr>ukL make suildeii iwovomouLs Lliey dart and then 

he miisst wok for them to return and agmu Ih-potuo aeciJ&tomed to Uk 
prtscuce. It ia possible to boconie so much a part of the euviroiiment 
tlmt the ohsuirb'er even stand ostrido one of the fnwt&j while the 
male oad fomala rcilfish pumiie Lheir nonual activities*^ (Schuttx and 
Stuilent^, Jvlid-Pneific Magoaino, Jiinuaiy^March p. 

The ftpawuiug sabniui iiiid trout usually fN?pregaie Uteiti 5 ielve& iu 
pair>, iiltboiigli an ostra male may ha pra^mt in eertalji 6peci(s 
(rain(iuw^) iluriiig the spawning act. Etidi of ihese paini raniaiiifl 
over a I’ertain area In the stream bcittatu wideb it flefeiids, Thb area 
hocomes the nestj or risid, in which the eggs are Laid. Since tho 
npst-buikliiig activities ore practically the samo for all apccies of aalnion 
or trtkUti tho foliowdiig accouiiL of thu activitiod of the lltttcp rodlish^ 
the brndliiekod sockoyo salmon, OarorAyacAeK fif.rhi^ is given from 
pt-rsonul ol^servalUHis {pi. I, fig. 1). 

^'r!:sT-HLnbDiNa activities 

A peur of redfish iifjtialJy ongiige in uomiid Host building when im- 
molestod by other fish. If rJifi pair is alone, the femolfi! may let berselE 
drift over the lower center of the redd^ hero abo will tiini over on her 
side and vigoruusly ilux lior tall four to sk Limes ag&inat tlie bottom, 
m tliiiii nuftjon oarripa 1\k^ u foot or more upstroaui. Tbe tail of the 
finii during ihoau iiiovcuumta eomos iti oontacL witii tlu? lioltoiu,^ and 
vigortnta hydrauiio forces are sot up hj the upward movemunt of the 
tail, vsdiif h iifl tiio gravel and sand <iff the botUmi. Tho tuaterial thua 
dblurbpd U earriod by the swift ourrrnt doW'Ui^trflamj tJie i^iuallur 
jiarticlrs furthost and tho largor stonos but a fevv iiieiioa before tliey 
sotthu Tlio famolo may re turn Lo tho starting point and repeat thie 
uoel-hullding act (fig. 1). Lf undisturbed, she may in 2f3 niiimtes 
complete as nianj as 70 aoparato noal-huilding with an inlerval 
botwo(!n ihom cd as little os 4 aocionds or im long as miriutoa. On 
thii avarngOi huiialea tuni, with olmoat equal frequency^ eitfmr tlioir 
loft or right side Upward dm aiream bottom^ 
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hSTt r«^iUT--i>CHTTr.r^. 


tm 

A Tm\m <if tlift litt?rftlura clfuwnbmg fhi" rjest-bidltlmg activitiiv; uf 
salxnon ftiid trnut mdicalog ihrtt prnctically nil tlui oliLpf 
have confusiid it witb spawtiing act, the latter an antirdy difTefftfit 
l>cihaviar. Tho foliowlnj? autiho?!^ aitiong othors, liav*^ giYon tho wimo 
^ noatrbuilding act aa deflcribad W\%iiB 

{1030» pp. I0:f-'107) Oil brook trout; Gro^^Ioy 11032, pp, 242- 

243) on Urt^ok, brown, and rainbow trout; Dnztard 0032* p. 345) on 
I'jiatcm brook trout; anil Studante (1035, pp. 71-72) od limd- 

lot'kod aockojTk eolmon. 

Tho pnKia^a of nest btubling, tho nio^t obvioue flctiYity orwr tlio 
nnal, ig dotio mostly by the fmnalaa, tUthougEi now and tlinn ccrtidTi 
rtuilos ties ihm ijodioa throo to fivo wbHa oth^r inalos naver 

panicipato in tho construption of tbc netst. Usually during thf5 2 So 1 
seconiia Lb at it takes the fcsmalo to flD:s: her body for purposes of ilb- 
turbitig Hn»1 lifting tbo gravel so tliat Lbo current eanies it downsireant, 
till- mdn, 11 prosent* atiind9 by mac lively near tliu luw'or part of tho 
nest. Tlifi time that it tak^s to constmet a single nost-pit variea 
oonsiilerably witli tlio individual^ taking but a few hours or a few days. 

In tbo caao of breeding eaUnon and trout, the earefid observer liaa 
little diliieulty in distinguishing the two ‘so^ces, heeftUM the breeding 
malo 19 iifiiially more highly oolored than tbo female, atid hia licdy is 
oenipressed (sides llatteniHl)i that of t!ie female more rcuinded. Often 
the snout bt somew'hai arched In the male irout (iJid delinitely hooked 
fid. 1, l 4 g, I) in the male of PaeiDe salmon; tbo fem^Je^s^nout Is normal. 
Expcrjenced {idi-cultiiriEta are able to tell the sex of epatnaing salui- 
onidg by feeling of ibem with their bnnd-^, the nTai&& having on thn 
underside uf Ihe abdom^^n two bard rldgiu which are laokingm femaleit. 

The oompletofl nests of salmon and trout are saucer like depre^iomi 
n small luouncl of sand and gravel on the downstream idde. Their 
depth and size depend on the size of Iho individiiat (hat cojistTUcts tim 
nest^ and ilicir shape on tlie rate of flaw of tbo W'ator over the no&t. 
Nearly round dcpro^ioiia occur in moving water and oblang-eval 

Hosts wiiote the current is rapiil. A Itah ahoiil a foot long builds a 
nofit from 2 4 inches deep^ depending on the tyxw of stream IxilUim.. 

In lumlerntely flawing water the width of tlie nest is one or two times 
tlie length of the owners end tho lengib of the mwi m two or iliren 
tixnea til at of the femala which oxoavated it, Tho moimd of sand and 
gravel wt the lower end of the ne^^t lies from 1 to 3 innhea above tlio 
average love! of the stream lioLtom and Attends downstreFun below the 
clopi’eseiou 2 or 3 feet. Soveral of theso neats, or redds^may occu/ in 
tbo Humti rillle of a stroain. In ibe casto of large king flalmon, a single 
nest nmj ovoiipj Hovoral square yarda of the stream bottiOm. 

The nestuaro cntitiniiejly cbsngingp t^aiiso after the female depoidla 
a portion of her egg^, slio cover* ihem w^itii gravelj and ad bJio pro* 
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grcsaivdy extavHtcs OBO or mopp new ticete ui^trcatn, eonu; o| tiio 
ittateriaJ of tKo new locations covets tlio i^b in tlio ol4cf 
nests deeper nud rtceper—^n. resj oonBorrstion of onnrgy. SoveniJ 
bstdics of eggs may he dopoaited before Um fcnmle hns ciimpletoly 
delated aU of horovafemnetimes, liowevor, a femste may eelect ait 
eaurety now tocaUon for her next nrat. 





\ 




^KFKNBE or TIIE KEST 


Both mole and femnJo dofomt ibcif nest Dgainat invatiing futJics by 
rushing nt them or by tlm male wcorUng tho intruding male uiistreiun 
or to one wdo. Sometimes the tiefendor in bw msli at an inviMiidK fish 
catches lus teeth m tlio abdomen near the pelvic fins of tiio invmler, 
e ore he cun looHon himself tho two drift downstream some 
(listancc. TJie defcntler usmiJly rctuniB to his nest and immediately 
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tAk«d tip his |H»ition o^er, a littls behind, and to one aids sf ths fctna]<3. 
Tbo fmale usttnlly defends the upper portions of the oesi, white the 
mute defends tlie nest from invaders coming in from any direoUos. 
Both drive ewny cither a mole or female U|>on their appivaeli unless 
fish much larger than Lhcmselvoa ew'itti inio Lite neat. 'VVbmi tliia 
hapjMuis, often a new ouile takes poaaassion, and breeding activttiei 
conUnue with little interruption. 

Sometitues when an invadijig male approachcii, he is (soorted away 
by the male owner of the nest (fig. 3^. in the ease of tjie little rwl- 
fisii, a landlocked aalmon^ the defending male tn«y swim out to 
meet Linit often elevating his dorsal fln> If the intruder does not 
retreat, the defender will swim alowly toward him, and when about a 
foot or so away, he will turn so that the two fish are neatly parallel, 
and they then proeceil slowly upstream, Gometimest as far sa 10 foot 
before tlie invader either goes his own way, or makes a dash for the 
neat. Should the latter happen, tlie escorting act might occur again. 
In general the mule occupies much of his time in diiviug away otlier 
males, and the female drives away mvading nudsi or fenudea Shoulct 
the invading mate he successful in driving away the oiigintd owmer, the 
former now takes poesesdou. Several males usually pair off will) the 
female owner of a neet before she has laid aiJ of her eggs. 

Other activity besides the defense of the nest may occur in the 
immediate vicinity, shicc unpoiretl and paired males continually c hsJH * 
each other about both below, amung, and above the area occupied by 
Um rodds, or nests, 

COURTSHIP ACTIVITIES 

Between many of the neeb-buUding acta of the female red fish aa 
aho drifts bock into the center of the ncsl during recoveiy and assumes 
a nornieJ position over the center of the nest, the male usually ap> 
proodtes her from behind and a little to one aide. Ho wUl juat 
loiii:h his hoad or anout to her body m the region bctw'een tlte adipose 
fin and (he pectorab, gently move lib body toward and against hers, 
at which niomciit he will vibrato, or quiver, vigorouidy for a second 
or two. He will partially erect hb doiaat fin near the end of Uib 
act (%, 2), The female uaually remains perfectly atUl, tdthough 
once in a while she too will qjuiver in unison with the male, Ho 
<^jg8 or milt have ever been seen in tlie water during tlib courtship 
act, tliuB indicating that no actual apawnmg occurs. Time and time 
again the male repeats thb courtabJp set, if no intruder interrupta, 
as often as oveiy 5 to Ifi eooomb or at loiigor uitervab. Other courU 
ship acts occur, too. FroqucaLly the mala will swim hack and forth 
over (lie female w'hen she b rosting tiear the bottom of tho neat, 
often touching her dorsal fin with Itb body and fins. Another rccog- 
nizablo courtahip behavior b an act of nudging. Tho male gently 
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ffwiins lip to the mid^d* of ths femule wlulo olie b Over tti^ bottoni 
of tbe nest »nd niJclg:o$ bar in tho side with his snout. Tliise ttots of 
courtship of tho Sftipioii and trout havo been observed by various 
autburs amon^ whom luay be mcationed: Milner (I871,ipp. 52^54), 
vibratory courtship act in brook trout; lUaizfird (1032^ p. 34S). nudg¬ 
ing and side-to^ide rtw'iniining over the female for br<K>k trout; 
Gri^cley (1932, pp. 242-243), nudgirifi and aide-to-sldo sw muiikg 
over female for rainlww trout; N^cedbaiti (1934, pp. 334r’335), nudg¬ 
ing and quivering in steelbeod trout (pL 5)* Similar oourtsbip activ¬ 
ities bavo been observed by tlie author in the landlocked sock^ye 
salmon, silver salmoWi king salmon^ and eultliroat trout (pL 2). 



FpaUBX *:—A iJlBErtHfl tf Ui* HMWAinc K= tin Uu> Omt^krnAtU Mtlal Alato (Urww^ K\il 

teiuta TIu rtiHllUjai or llri Hm IKI BHI3. I^iit tl ii mEH»QMd Uutl Urtf t|imd 

PiaiUm tht Itit to ni*toaJn to tlw Wimiil. I>nvtni (tad* br Artlstif 

Weipndftfrom pnecTTsd fliti tOud I 4 I tlia flppftnIiDBto rpawnUn piwilltHW flluffTHl tj r>iui 
mhlAnbnrWVtoactor. Cfwl^ MiiVJ^telfic 

the spawning act 

Among lltc liirgc number of pajjcria written on tlio habits of salmon 
und hut few authore have defloitely dcscritied the spawninp 

oet flfid those only vrithlii the laet ID year*. All othera have ekher 
Bot Mon it or hove moro or iues coiifuMid it with Ihe iiest-huildsHg and 
cotirtuig acts, from wliich it moy bo conotuded UmiI the true spawning 
ftct is fiddon) seen. So doubt this cod fusion and the lock of ftccurote 
oliecrvution for ao many years was caused by the {ffcat authority and 
weight of opinion of cortniu older ichthyoloKista* who perhaps ejtwicd 
too much iiiilueuco on their students and blinded their eyes to tho 
exact methods of egg laying and fertilixotioa. Recently, observa* 
tions by Greeloy on rainbow Iroiit, Hiuizard oii eastern brook trout, 
Rrtding on tho Atlantic snjinon, Schults and Students on tlie fit lie 
rcdilBh, a tandJockod soekeye ssJmoii (fig. 4), and Needliurn on tho 
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lUJ iudicate Uiat «lie deiidh of egg Inywig wre t?3s6n- 

daUy the sivme for tlie vfirioufi BiJcwks. The spavrnuig (ict or egg- 
laying BOt may be siwnJoaflrized aa follows from Needhaui'a 
pp. 334-335) account for the st^aLbead: 

Th* feiniik dropFMsd back In iliff water of the ^ ajid jul 5 ^I fin moH 

4ciwti In the diwrpMl. part- TJLe mails Lo^tan^ljr moved into positiDO pufllet to her. 
Thidr vents opposito nnd, sln« be wiu cotuldembly abartcr, hk head eame 
only about lo Irer jwttoriila. Both fifib ofwnad tUdf moiithm wide, tbe IfrineJo 
pnrtioiiiaily wim 9 wii to arch lisr badjF+ rauu4ia h^ bead 90 tbet ilia tip or Zier 
fljiuyt ItJu out of waUjf. Eeib W3d milt weni exuded wUIi a quivering motion by 
lifith fiih at eXJMtly Hld same bietfmt. The snout of the female, where it pro' 
traded from tho waiert was seen to ciitiac ripples on the ^nrfate frani the quivofing 
motion as the «EP woio (Itposited, Tho white oloud of HilU partiaHy obiOunMl 
likif from our vUsw^ but wo tosild clflarly hm tho stmtiu oJ bright pink itgfCfr 
drop ping into the bottom nf the nesL Th&j appcaroil to stay tn a verj Oom ptuit 
group and none woro obuKifved boating from the lUKi. I'he niUt acttled in a iiion? 
or less oQtnpact way ftbowi the csgii though some of it wa* sartled away by thn 
iuirnrnt. Thu wboiv pfoeasa not requsr* muBh more than 2 fleeonds. The 
male dsiring this prooees waa on the left eido Of the female u eho fHOed upatreain. 
The fema]^ rcpiained in a vertical poaStiou. The male inelloed ^ghtiy toward 
and appeand to ba in dediiit# couLwt> 

FEBTJI.IZATION AND WATER-HAEDENINO 

Both Giry:s und milt tine dtschuj^d tit Lli« eame ticia duriog tha 
spuwnins; act, and Nature Uaa so beautifully coordinated cacli step 
in tlie broeiling activities of salrnon and trout tliat tlic eggs of ova ore 
fcrlUized the instant they are shod; otherwise they would probuhly 
not bo fertilised at all because the sperm would be carried by tho 
current dewnatream iwaj' from the nisir The millions of spermatozoa 
making up the milt are inactive until they enter the water, Uieu for 
about 45 eecatuis they swim aliout with great rapidity, hut by the 
end of IK minutes all havo beootue inactive and probably many have 
died. TliP eggSi once they enter water, change rapidly loo. For 
lihoiit ] luinuLe after the (^ga are in water it ia possible for nearly 
100 percent of ihom to bo fertilized when active spermatosoa are 
present, but at the end of another 4 minutes iti tlie water the shell of 
the egg hjis so changed Uint it is nearly impossible for a sperme tozoan 
to enter. .\11 spennabotoa must enter fusli eggs through a single 
iiimute p<irc, (he niicropylci in the egg membrane or outer sbell of ibe 
ei^ and after one spermatozoim has entored (it takes but a single 
spermstozoun to start tiie development of the egg) it is tiiiposstble 
for otmllker ono to do so. Should no sperm onler the egg within the 
fiist few mhn itoB that the egg is in tlie water, the micropylo closes, and 
that egg eon never be fertilized becauso "waten-bardening" has 
already begun. 

“Water-hardnnijig" ia a physiologicoJ process by which water 
po^es through the egg jneuibrane (outer sbeU of iho eggs) into tlie 



374 AKNQaL BEPOIIT SMltSSO^lAfl INStlTimON, ]1>37 

spnco bdow it. Tiiia spnoe bctweea Uio jotk and tha egg mexnbroae is 
callod the pchvitdljnc space. Ttie cgga of ail ealtnon and trout swell 
up about one-third larger in eixe tiian when first laid (fig. 5), and the 
outer aheU becomes so tightl}' atrctelied that the eggs ar« rigid and) 
when dropped^ may boimee like rubber balls. The membrane is 
adhesiTO when first laid, but at the end of about threeniuarters of an 
hour, after the completion of water-luLnleniug, it is smooth and no 
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loiigiu' Ktlrky. Thk iLdboaiv^ cpjiilit; c^iistiii graiufi of amid to luUmre to 
tiie egga wiiich Lelpa to k^ep tliera iti the bottom of the ixent uutll they 
ane €OvtiiBd witli, gruvoi hy tiia famtiXd. 

poaT^PAis’Nrxa acuvitieb 

Withui It tmnuien after nrt laid and fc^tiliEed diixiiig the 

spnwnmg act« tho fomale tiime on bar side and begina to cotct them in. 
tbe same lueTiner that she excaruted the nest. This is eccomptklied 
not hj dig|:mg into llio pit where the egga occuTi but aligbdy up&trenm^ 
BO tliEt the ctuTont eweepa ihe cUsturbod me^rial otot tba eggg. 
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UauflUy tile are well con^red withip an hour or two to a dopth of 
2 mches or niorc> This post-spawning behArior oifora distinct ad van* 
tQg(?i5 for the protection of tLo eggs and rocentfy' tmiched fty< os 
pointed out by NcodhaiD {193-U p- 3S0) who “Eggs laid m tbo 
first portions of the nest iiro gmdtuUy buried doepar und deopar by 
matorijila being wmditid downatream from pita dug above ea worka 
upstream/’ The eggs retiiaiu in iba nests i:iovered i^Tth grave] uniil 
batebed, Tiio oxygon supply needl'd by the eggs and young trout 
during Uicir dovcJopzutitii in the gravel b auppli^ by die ^copiigo of 
wator throi^L the loose rnoteriiil of the stream bottom. The time 
roquirtHi for the eggs to Imtoh depends on the specie^ m well ue on the 
water temperature. Eggs laid in cold water take longer to hatch than 
those laid in wanner water, the time varying from 2 or 3 weeks to ^ or 
S monihs. The baby salmon or trout after hatclung Femain in the 
gravel until tliair yolk jsack bos been a]isorl>cd^ then tlicy gradually 
make their way throttgh tliu gravel into tlie w ater of the stream. 

DESTRUCTION OF EGGS 

The eggtti ikfior being covered by the female^ ana rdattvelj safe from 
predatory animals. However, when first taid^ some may be swept 
from tlm nest pit hy^ tlie current. Shovild any of ihe^o cBcape the 
mouths of Mi lurking in the vtciuity ready to eat them, they would 
novor develop for they would bo carried to the pools bdoiv, whore the 
ejrgs won hi settle to the bottom p gradually becomiiig covered with 
sediment that would cau^e them to be sulIocaLed. Other hazards 
await Lho oggS- Fungus often attacks them and may spread through 
the nest w^hea tha e^g^ arc too crowded, hut it can make liitic baiidw^y 
when tlicy are well separated. Freshets often washout the egga of tho 
futliuou and tr<iut, and once thf?y are tomovod from tlie nest tliej have 
little or no chance of snrvivaL fn certain areas the streams recede 
after the trout have spawned, leaving tbo uasts high and dry^ w^hich 
soon kilh the eggs. Those, among other dangers, take their loH of 
the new' crop of eggs and young fish planted m carefully by the 
mother. 
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WHAT IS EKTOMOIXKSY? ^ 


By Lvjc A. 

Chitfr SuriQU i^nd Phnt Quiiraniitt€^ 

J5. Bepurtnuni &/ 


(With H pbted] 

Wliat Lh enUimolueyf Wabfitfir ^'EnlomoLogy k tha depart* 
uitml oi 3Em>logy that treatfi of Inserts; jilso a treatise tsn lliai aiibieet,” 
no\r iJc>ea liir particular dapurtuient of zoolo^ referml to treat of 
Ltu^U? Trsiitiiig of iiLsectJj lakes ciu many fonus. It has tnatiy 
rEmuficutiouB. It affacts immy people. It aHecia Uie healUij Uie 
ciijjifort, the well-being, and fortunes of as manj Individuab in tire 
world as perhaps any other applied seionee. 

In species and kinds insects outnumber mosL^ if nut tdl^ groups of 
living oiganisiLiB- There are known more thaii 700^000 kinds of 
described imd name<l msecLe in the world. There are 7 pj 0D0 kinds 
BO roportai) from NorLli ^tnieiica north of ^^fexicOp Of the T5|(K)0 
kinds in Kortlj America there are estimated to be kinds of insecte 
wh\^ are ao mjuriuus to agriculture in the United States that records 
of their occurrence are coneiatenUj reported to the Insect Fest Surrey. 
It i$ obviouSi therefore^ that wlule entomology treats of insectsp on 
entomolugidt can in reason treat only of a comparativolj few species 
of insec Uh In achoob the teachers can teach ihe students only the 
phui!j]des of the science and general fundsunentala of insect fitruetur^f^ 
clas^hoauoiir phy.d(ili>gy, habits^ and general iliatribution* leaving 
the student to !]})ecjalii£e in the group of msecte or Iirancli of entomulog- 
ical work Jesdred after graduation in the securing of degreea, in teach* 
ing, Qt in employment, 

Firstj^ in cuir w-ork wc must know wiiat injects arCp and taxonomy 
is really one of the knportaut points in treating of insects. The study 
ami mtarpretaiion of structural charactera for the purpose of dtiaHi- 
ficatiou and identihcaiiou have n luosi iiuporlant place in the eciimce 
of entomohigy. For exumploi the apeeies of C^Afiomyia look nuich 
alike^ punicularly die forms eomtiionly eaJIcit sorewwoniia. Cushiug^ 
while working on this group with Fatten in Englandp found that 
what had been conddored as one fomip <7. mace/iarinj was ready 
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two species remliiy distingiuahod by struetumJ dilTerciicos. Liiter 
siuilies showed tlmt thair ne^ ly described amttitajm is the prinuuy 
pest, the one which feeds un (iasuo. 'fliia, ultUough iWUplii'jitiQg 
the whole screw warm probluiu ui s oertoiii sense, simpUJied it in other 
wa^'j^ luid demoustreted egda tlie toJuo of ta.\[>[iumje studies. Such 
studies make it possible to diiTeretitintc coiiLml measures iti the field, 
t4> dijpose properly of infested ahipinonte nioriiig in coniiuerce, and to 
*ppfy appropriate quaruiitiae ineasures. 

Life-hUtoiy studies and studies in the luboratoiy ami in the held to 
find out how die iiisecl lives, bow it propagates, how it feeds, how it 
(hkmages or benefita cropi^ or food or materiids, teach ub not only about 
the insect but also what to do about it, a large part of the program of 
treating of iusecte. After severs! years of expcriiuenls in Uic elfort to 
control wirew'onns, tlio immature form of die dick bee lie, physiologic 
cjj] studios in connection Viltb the life-bistory studies devdoped that 
the particular poisone bdng useil were not being taken into tlie 
system by the insect but w'ere being tlirown out before roaching tlie 
atomiich. 

Spraying nith lead arsenate has long been a standard form of 
control of insects that bite and chew. Until the hiiniun hcaltJi 
baisord involved in the use of lead arsenate was fully realiacd, it was 
the accepted standard metbml of control for oodling uiotli, that almo st 
universal pest of apples and pears. Studies on the life histoiy and 
habits of the Uriental fruit moth made shortly aftar its dlscovety in 
this country revealed tliat the lorrs, although a biting and chewing 
form Bomewhat gimilur to ihat of the codling moth, boa a habit of 
spitting out the first one or two mouthfuls of food and tlius escapes 
die effects of the {mison sprayed on the surface of the fruit or twig; 
hence tn this case leail arsenate is not elfectivQ. 

As b well known, tlie fecundity of insects b remarkable. Taking tlio 
closgic esaniple of the onlbaiy vinegar fiy as computed by Ma.xwcl!- 
Lefroy—if the offspring of a single pair lived for 1 year and none of 
the young died and none of tlm bodies decomposed, the total imma of 
ponderable maicnol produced would bury the on tiro earth a nuUion 
miles deep. Of course, Ihcro b nothing to worry aliout in thb direc¬ 
tion, because it never would happen, [n the first place, comparutivelj 
simaking, almost all tbe offspring ilie and (hose that die do decay, so 
lliere b no ponderable mass of sufEdimt size left to burj' any 
part of tJie earth. Despite tbe fact that such a targe proportion of tlie 
offspring of insects do dio, however, there b a tremendous increase In 
tlie population of destructive imiects from year to year Nola'ith- 
standing these tremendous populations of insect pests from time to 
Lime u'hich take a huge toll in crops and wliich Hpread dbeaso and 
annoy human kind in otlior ways, there b tio such thing os the insecta 
of the world wiping out civUutailon. However, if crops and foods are 
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to bo piwlucetl ift suflicieot quantity for our needs wid al a cust 
making it profitnbU to so produce, uiseclH must be conlroUiid. Coulrol 
depondB upon wsscarcb; research moans to utudy, got the facta. 

The BL-ieuco of entomoloey is Eghtoig insects on many front*, and 
every posahle knowni fldt"oiitago is being taken oven to tlio use of 
iuHOctA Hgainot insocia. The lirat impuitation of iuaect poraaites into 
tiie I’nited States wes lliat of a wasp from. England in 18»3 to aid in 
the contfxd of ihr cabbage worm. Since that date 403 apeciijs of 
insect pamsitoe and ptmlators have l»con imported from Europe, 
Africa, Australia, Japan, and other cotmtriB!i, and 73 of these have 
ijecome establislicd. Wlion Koebelo introduced tlie Vtfhlior into 
California and it cleanoil up the cottony cualiion scale, an insect wbicb 
threatened tbe very existence of the cilnia industry in that State, 
tlicre WHS furniaiied an early and graphic oxamplo of the valm of the 
uao of bftueiicial insecu. A beetle which feofta upon mealy hugs was 
imported into the United Statoa from Australia in 1891. and sii^o tliat 
date has been distrilmU’d to 33 other countrioa. A parasitio wasp 
which is native to North America and w'hich attacks the w^Uy apple 
aplild and brings it imder control haa Ijocii eent from the Dnitod Stales 
to 40 countriea tbToughiuil tlio world since the first ahipmant to France 
in 1920, When, at the suegestion of the officials of the Florida State 
Phint Board, Clausen was sent to Malaya to take parasUea of Uie 
citrus blucklly to Cuba, the results were fcr-Teachiiig and important. 
Not only did llus action reJiica the citrus blacklly in Cuba from a p«t 
of first imporlHiicc to one of minor rank, but it also reduced the risk 
w'tilcli had been present in miirkod degree of iatroduction of the peat 
mto tJjis country, Moreover, it was a denionstfation of far-siglitod 
pJaiioUig and of good noighltorlinees. The work now going on in the 
coUoclion of beneficial ituecis, their exchsuge ^Iween nations, and 
their colonization and study certainiy enter into tlic program of 

Ireuting of insecta. ... 

It will ihufl luj scan that along with tlio effort to destroy injtiriotifl 
ftinns of insects, opportumtics havo not been entirely overlooked to 
ntake more helpful to tba human race beneficial insects; and among 
these, of course, one of the outatanding oxamplea is the houeybea, 
Entomologists have tleloniiined that bees aro more effoctive in gather- 
ing honey and pollinating plants if tlioy can roach fortlier with their 
tongues into deeper tlowurs for the nectar. Hence an effort has been 
nitt<l* with sulistajitial progress in developing hoes with longer tonguee. 
Since Iwe* in nature mato on the wing only, this recourse to the 
practice of eugenics in the boe family has boon fraught with difficulty 
but has been succ^wsfolly aceompliabod. 

Notwitiistiitliiiag these efforts w'O aro told from time to time, even 
by outstanding cm tomologisUi. that in our roal to control or kill iniurioua 
insoctforaiawe have too little regard tor the well-being ol the benetimal 
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faims upon wUIch wo rtcpeud for polUuatioii of plantit and oOior useful 
funcitong. Wo aro frequowUy (oU of tlie kiUitiK of coJoafi^ of 
throng the uso of sprays for the control of fniit and crop pegts, and 
w« arc cofisoquontly urged to have more regard for the life 0 / the u'sefid 
iuaccta even tltoiigh the titjurittuB forma m 63 '^ in Boruo instances do 
mope Larrti. Tlieac warnines and adraomtioxis ara, of course, wl-U 
meant and aliould be given every possible oonsideraiiou. There are 
as usual two sidra to these argnmenta, A Tocajit article in une of the 
leading bee publications rofeircd to the warning given by cntomolo- 
^ta of the possible grasshopper oulhreat the coming sesson tuid 
indicated that grassboppors were very abundjiut in must of tiie ewcet- 
eJover regions the past season. It was pointed out that the eweot- 
clover ifl oue of the favorile honey plants for the honeybee and that 
tho mvaaion of gra-gahoppers luiglit well prove serious to the lieekeeper 
since swvetclover is attractive to the grasshoppers »b a food and is tho 
sole (fflurce of surpliis honey in a large area, Of course, the obvious 
answer » Ui lieotl this particular waming and poison the grasalmpfMim 
to Have the food for the bees, and since grasaliopjjora ran Ite poisoiifd 
with a material which is not attractive to the bees, tlmre Can be no 
Albumen t as to wbai shuidd be done. 

It ia necessary to treat of jusccts when coiitroUing and eradicating 
many of r.be plant diseaflcs. The Dutdi elm disease, mi.roduood from 
abroad and now comitituting a serious throat to the almB of this 
^unlrj'p ia spread by at least two insects and possibly by more. 
SNignrcana moauic is carried by msacts. Tins most iiapurlant disease 
of Hiig^ lieeta, curly top, is spread by leailmppere. It is suspected 
that phony disease of the poach may he apreod by insects, although 
defimtu information on this |H,mt is Jacking, ft has recently been 
found tiiat poiurh yeUows is spread by an insect vector, and no doubt 
msects outer mto the general program of pJant-dlBense spreiwi and 
control more limti we know. Jnsecta themselves are affected by 
diseases, ^d attempts are being made to develop and culture the 
direasofl with a view to using them in the fight against injurioa* in&ecia. 

rraatmg of insects through studios of plant resistance has its place 

"i ,k f consumption of many merahere 

of the plant kingdom because of their bad Usie, poor quality as food, 
fibreus compoaitioii, poisonous character, or possibly even because 
th<^ present an unattractive appearanco, Invesligationa by ento- 
moJogiste have revealed that insects stich as the hessian fjy ^ 
have ftK.d preferences and limitations in seJection of varietioe of wheat 
or even die individual wheat plants for food. Some plants are antireiy 
utwuit«l for the support of the flies, even when the variety U gemeridly 
Hiiitahli^ and parent flies eelociing such plants for egg laving doom 
thair offspnng to an early deatli. Otliar plants may U quite un¬ 
attractive for Ggg laymg and tliua sHcape infestation. Study of these 
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food tuul egg-1 iSLyin^ nf the Hessiikn llj nnd of other ^poctiEiii 

of hm iodicfsCed llio iiossihiJity of deivolopJng resist out- stramit 

of plimta entirely pulnhlo for hunian or JJveBtock condcimption hut 
iaimune or partinlly iuuuuoe bo insocb attiark. 

In llie chemistry of dovelopLng insecticides end fangicides it is es* 
eeDtjai to tiv^i cif hiseets. Knowledge of the insect habits, the moilt* 
ods of flgliiUtg^ mid LLe cluiracter of injuiy is an edsoQllol pari of the 
ehemist^s i:tpproach to the prubleni of developing n killer. FuDgicidcs 
must ho compalihte wiili iDsecticideHk anil vim versa; Jieueo phuit 
diEeafi^ must be t^ken into a€Coti£il. N'o tuotiQ ntteiitive tbteiiens 
wiU be found at cnU^mologicitJ meetings timu tho chiunists of die 
Division of Inseetleide Taveftigaiiotis in the Buroau of Entomology 
aatl PUfit Qmironfino- 

In studying and fighting Uisocta it must t»c remeinbered tluit numy 
of the tne^t hijurious forms spend a large purtlou of their Iifetmie tn 
the gruiind as lar^^ae or worms. The Japouese l>ceLlcr» for example, a 
serious pest mi the Atlantic seaboard, spencls 9 rnmitlis of the year in 
die Hoil m a larva. .Matiy of tlte wdroAvomia are in the soil years in 
die w^orm stage and, iis is well ktiouti, tlio period teal cicuds s])eads 17 
years in the soil. EuLorunlogiBb* are thus dealing with Kpecies whJeh 
are not able to give expression to the reartion of tho various inseeli- 
c'idcs and other control measures usodn atid observalifimi are diHieult 
and necessarily infrctiuent. So when entomologists arc askcf] why 
oiler majiy years of ^tuUy on a ceriiun insect they are not ablo to 
luuneilmteLy outline aileqnalo control mesjaures, there h a real answrer. 
And at that the progress made probably does ntit suffer in comparbon 
with dio progre^ inailo by other branches of acienea in the study, fur 
exampler of miLtiy human aihnoiit^j even that mo^t uitiimuy things the 
common void, 

Conaon^adoii of natund rcsourcos involves treating of inseem; and 
to a far greater ilegroe than is now practiced if it is to bo real coiisor- 
vation. Von may find lUuusanda of square inilcd of forested ureas in 
this coutilrv wliiHro the bc^t of the iinalier has been killed by inaecU* 
In Large ureo.^ in the Ltigli forests of the West llio Itjssea ^lecasioned by 
insects exceed the cominnud value of Lii]it>erctit for lumber and burned 
by 11 ro^ Doce thie suggest tn^aiing of insecU? Our range lands aro 
dunuderj over large nf^m by the fcctliiigof grjisaiiop]>ers iuitl xVIomion 
crickets. Not only <lo wc to$o the mrige but an emsion problem is 
created. Doe^ not real coj'iBcrvaUoiL auggnst auinething here? What 
about tJiB coij8t>rvalii>n ol miimalft? Considor the fever tick, die 
buffalo gnat, the serowwortii^ the intente that prey on wildlife. Ihrw 
al>out Uni licaltb of buimiiisl What of yellow fevers nudaria, spotted 
fever, iulanniiuik, all transmit toil by inseeto; and cuimiiler for just a 
nmmant merely iho comiort of humans; ia it not HlTectcd by the Imuse- 
fty, the mosquito, the mind fly, or ibo eye gnat, tin well as other 
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foniis not tisiiitlly niflutionsd Above e wLispor? Tliinb of the fui^, 
die olothing lic^tmTod by clolhra motbe, tUo fumiturD destroyed by 
cerpet beetJes, and tbe funiiture ajnl buildings wreeked by to'miites. 
Does not oil this suj.'goei some of tli® reasons for (ho troaiiug of iusoclsT 
Tiottiiiiir of inseots tucludes also conaideniduii of their dtstnhutitin 
fliid spreiid. Man, by bis nieaiis of oomtuunioatioa and deahe for 
produpfo, plants, and luaterials fomid iu other SMtions, has providad 
iiiuuy wnya to spri'ad inseoto into now areas. Eremplea of this are 
uunirrous; that there are not toore of them is surprifling, Bui tho 
eiitontologiat luts not overlooked the miportance of this luid the serious 
coneeitusncfis that may arise if no restrictions are iinpofiad. It boa 
been the entomologist who was, and still U, the prune mover in Uie 
esfublisbment and enforcemom of lau-s and regulaliuns to prevent the 
spread of plant peats. This has led to tlio development of anotliur 
5)>ecinlized field in (Ids sdeujca of treatiug insvots, a fitdd toucluug 
many acti^dties, at homo and abroad; oelivities which affect the com¬ 
merce of the country and the world, roqtiiring the examination of 
slu^ eutiuitijg our porta, inspoction and treatment of products, fumi¬ 
gation of ^way care; and tnony others too numorous to mention, 
Specialisation m tliis phase of the work of ircadng of insects, one of 
tlie newer aspects of tiie scienco, has come into importance so recetiljy 
that its priuciples and fundaineutaJa receive only inadeiiuate eonsider- 
stion in the preparetoiy instniclioas offered by many schools of 
higher learning, Thta, despite the fort that tJie work of quanmlino is 
carHod on by Federal and State forces in as close cooperation os any 
work in Uie treating of ijisecte Umt can be meniionod. 

Viliat faeililies are availtible for treating of insects? In the Bureau 
of Entomology and Plant Quanuitino research work on insoots is 
going on outside of Woshingion and outside of iJto National Agricul- 
tund Research Center at Beltaville, Md., at 02 stations in 34 SUitw, 
and St any one station eeverul divmons of the Ilurcati may (x* located, 
^ for example, OHaudo, Fla. Jies^Mtrch work iiteludittg parasite studies 
» also going on at atationa in Hawaii, Puerto Rico, the Canal Zone, 
France, and ilapait. Quarantine and contre) work is being carried 
on at 166 pennntient etationa in 41 States and in Hawaii and Puario 
Rtoo. These ore manned by permanent employees and do not take 
into acoount the large number of seasonal or temporary cmployocd 
used in various features of the work, 

\yhen entomological wort in the UniUxl States Departmemt of 
A^culture attaiued the atatiiA of a bureau ,fuly J, 1904, the nppre- 
priatiuo waa SS2,4S0, This fiseaJ year it is 65,317,676, with 1,631 
parmonent employees. In addition there have been ntsrlo avatlablo 
during the post year 313,000,000 in emntgen<y funds, ami last summer 
the peak employment figure was 27,000 people on pest-cuntrol projects 
paid with eniergcncy funds exclusive of regular appropriations, 
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luitustnal and ci>mmeircial coTic«niB have also entered the Tteld of 
treatinj* of inBOcta, atudyinp and developing facta as wdl as prodmang 
materials used for (jontrol and applying treatments developed- This 
commercial and indufitrial aspect is additional recognition of the science 
of entomology. The ftcienco llmt treats of insects miiat not overlook 
ita imjHjptanc*, for in its application industry has an essential part. 
^Tiat is the practical importance of knowing the losic effect of a 
chemical on the insect iinle«9 indtistry cart make it available for use? 

Entoniolo^caJ work has grown rapidly in imll^ea and nnivcrailies. 
Staic osperiment sUtions are accomplishing things of great impor¬ 
tance Ui agriculture and to hnmnnity. The State of Florida, for 
example, baa profited more than is realized from such work. The 
uradicaiioii of citms canker iu tins State saved the citrus industry. 
It was acromplishod by men UiUned in entomological and eradication 
w<»rk. The eradication of the Mediterranean fruit dy was accom- 
plifibed only because men trained in entomological work and in 
eradication practices were in Florida and available; nob only availnble 
but unafraid and with that vision which is necessary to great sceont- 
plisbmonLs. In these t'U'o programs alone maior caUHtro[thea were 
averted. 

So, finally, wlml is eivtomalogy? That branch of zoology that treats 
of insects, as Mr. Webster said? Undoubtedly, and much more. It is a 
science that contribiitea maborially and witboul ostentation U> the 
healUv, comfort, welfare, and happitiesa of the human raw and of a 
large part of the animal kingdom. 
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\fAl7.F^0VR UElllTAGE FROM THE INDUN 


By J. Kemptd^ 

^ CtTMl Cropi and ZH4coAff* /f ureav Phni indmt^^ 
U. S. Dfpa^'imfnt e/ 


JWith 30 plftt€<| 

INTRODUCTION 

All of oiir cultivotod cropa woro domorttlcated in prolibtorfc tiniea* 
fionio of thoni in ilio Oklj^ otfiO!^ Iti tlio Kow^ Wortd. Wlien the 
Eijropnuif) discovcrod tho New Woriil, ih^y found a dovolopeJ 

agriculture o:^t«nditLg over mosi of Llio two Arueriu^^ and tko outiyin" 
y II lids. This ogrieulturo woe baecd on pinnU unknown in Iht Old 
Worlds flnd tlio oultuml followed made no um of befist® of 

dmu^t nnd burden. Aboriginnl Amedeon flgrieiiltnro wfl$ wboUy 
manuiib nnd tbe crop# rflieod were cemeumod directly by tlie produeere+ 
TJie only doinesdefitect anbnale of tJie prediiwoveirj' AmeTicnna w^re 
Lbo dug, tbe turkey^ and iLm 

The key crop of the Now World agriculture and the chief bii^ia 
of tudiBii economy was Uia nobli^ grass we know aa com, as Imtiuii 
corn, or m our derivative of its Artiwafc muno—maize. Although tJie 
Europeiin raem hure largely displaced I he hidtan populutiun of llio 
AnifcTTieeep com hiis retained its place as tbc ptincipal emp of liifr Now 
World. It is gJXJWTi in every State of tlic United States and is by far 
the most valuable fiiugle crop produced in tl\e Western Hemisphere. 
It is the only domesticated plant that can be groivn over the entire 
range of dimuUs wib, anil day lengthii fourtil in the territory cstciiid- 
tng frtpjii the Canadian bordar ihrougli the Central American tropies 
to southern Chile, and from sob level to an aititude of 12,000 feet. 

No otiicr cereal is as u^ii! in mun in bo many way a* Not only 
are the senis borne irt handy packages of from 500 !,000p but tltey 

are edible and nutritioua long before inaturityt llic cars of 
com lend themselves well to etomge, and the seeds, briog nnked, 
rtMiiiire no threshing or winuovring. The crop pnoducos more food 
value jior onii of area tban iiny otlu^r pmin, tliough of eourse Jess per 
man-hour than llio Old World coreak micb oa wlinfit, which r^M 4 uIro 
no care aftor planting. The American agricultural systcni, based 
on hand tabor and involving citlier irrigHtion or the de&ring of forests 
siwst—3S—S8 3S5 
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ev^ry few yeana, mjuiredl a cereal giving nuJuduiiim returnsi for the 
land used. Aod m maize tlie Ameriran iadiaa develoj^ed a fooil 
pin til cajinble of suppordDg a family ul five for lui entire ytmr on the 
prwfluetion from 4 acres. 

Not only are the ee^Hla of com r^Uhli.t scarcely ^ weeks after fertiii* 
zntionj but other part^ of this plant were eaton. The Indians made n 
palatabto ROup from the com pollen which is prr>duced in such great 
abundoiice^ ajid Lhoy also prepaml a food &oni the tassels. Even 
the fti$igiis pamsite—the common smut—furnishes a food highly 
apprcciatiH] by certain Indmn tiibea of ^fexico, mticli as tlie Chinese 
value the smutted shoots of wild rice, ^f^ize^ however, snppltod 
moro Uiim mere food to the Indian. It was an iuiportam pari of 
liht rdigioud life, and rpnte early the clomeiiiof art ontarod his breeding 
of tiiis grass* for in no other way can wo account for the highly decora- 
live features of this majestic plant* The seeds run almost the Gnttro 
gamut of colors, and rod* blue^ black* brown j. pink, yellowy striped, 
bikuded^ aod spotted are common ainoug the eoniB of the tmliims. 
'I'he varions combiaaliona of colors and pat terns and of ^als upon 
the car aflord an nlnioat Ci^idloss variety of arrangi^znfiiit^ 

Aitbough we have setlJetl laigely on yellow lU^d whiUn ac^eda in our 
commcTtdat Tariotioa, the rejeote^l colom are stUI appreciated for their 
ornamental qucdJties, and the ladinns retain a pirfercfice for the blue 
seeds in tlm preparation of Lhdr com cakes or tortillas. 

In addition to seed colors there is a great variety of ^eed shapes and 
aizeSp nmgiiig from Lite diminutive pointed popcorn siaedsp^ soma amnllcr 
tlien a kernel of wbeati to tlie giant disk-shaped a<M!ds of iho Cuzco 
com. Thf^ latter arc so largep often approximftting ilm diamotor 
of a quarteTp that niter boiled they ore oatoii singly tike grapes^ 
the endospenn being squeeze!.! out of the oulej^skin or pericarp^ which 
is then discarded {pL 1}, 

jlaido from the seode there b a great rungo of plant colore. In our 
couimercia] fields of com wo are necustomod only to green plants but 
ibero are varioiiB kin da of reti, purple* and variegaled com plants* 
some of which at one thne wore listed in liie llower catalogs and were 
ujsed as omamentob In the circular flower beds ciunmon during the 
easpitpn deer era. 

Corn waa an object of vcnaralirm to the Indians and figured in Uieitr 
arc no less than in (hair diot. I'be plant wa 4 » skillfully fotmnlizod 
for pottery decoration without sacrificing its distinctive characterise 
tkij {fig. 1), Tbifl feeling for the deoomtivo po^biiities of the com 
plant was slmre<l by tlia peoples of tbo Old World. In lor Nippon 
where tlio arts ore eloso lo \ho knil, Liie hmnigront c/>rn plant was us^d 
a# early as the oovanteenth cenUijy to cmhieve a strikingly iM-^nutLlu] 
efTect as ia shown bj tho handsome screeii now in iho Freer Gallery of 
Art. 
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Iti our country before our ngjicutturo] untc^cdnate were *wttinp«i 
by thu irut iiatrittl era, Uie eom plant hiid begun lo Cud its place in tlio 
tlccorAtiTB arla^ Unu jaintn Latrobe, wbo bad eo much to do witli tlie 
buildlug of iUc Nation’e Capitol, tnade uuo of t-ara of com in a design 
for column eapitaia need in tliat Btructnro at tlie entmneo to tlie old 
Supreme Court libruiy (pi. 2). Tbesc rapitida are tUt ubieat liuou ti 
rtplicaa of mniia wrought by Euroijeana. They have atood m ilioir 
piefH'Jit. location einco tbeir irustullutiou, haring surrirott the burning 
of the Capitol by tbo British. Most of the other tulomraenta of the 
r?apitol hare been diifted aroundi altcJod, or robuilt, but these corn 
columns, lito the living plant in our civiliiation, have rtnioinerl perma¬ 
nent. Our floutliem planters, loo, carried their devotion to agricultnrf 
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with tlseiD wbfiu tliey built their rcsicimie^aflj ftiid (wvertil stijlea 
gf iron coni fences gtill endoisii 80me of the gn^cn5 in New 

Orleans (pi. Z), 

At lh& present time with tho filiift of our populption from the funrift 
In Ihe eitieSj th<! cloiio connection between oorn and our pro^crity 
lA not appreciflli^d^ Indeed, miniy ponsons have only a vogue idea of 
Imt what a com pl^L Ic^ika like (pL 4). Tot wa are today venr' much 
g| II rom civilixnlisjii, wiUi an annual par capita consumption of np- 
pEYiXinjAtely hitahrlfl. The HgHciiIturaL iBiiianii mibsistmg pnn- 
cipally oa com — so tiiiich ao timt m sKinui pIuiTcis Uiifi gntin compriMs 
S6 perccat of tho diet^do not conagmo more. Il b true, com doea nut 
enter tlirctdy so completely into our diet a« it doc# that of theCcnirii] 
Amerienn IndniUHi but it is an unportant port of owretotKamy. 

Aside froJii it& materifllifitie vtJucj miiize has deo heeomo importunt 
to our inlellectiial derdopment, for this phmt baa provid to bo 
almoat uniquely fitled for Jefennining ibe facts of heredity, Stiideot# 
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of geuotica, tUo scknce of bcrtdUy, have doacrjbed and fljiiilyzrd 
Bevoral himdro^l inututions in niui:^ and in eo douip Iihtc adviuit^cd 
our knowledge of how traits arc tnuifimiltad froiu ono ^eiicration to 
anothiT. By means of llxe mnisw plant they haw solved niniiy of Uio 
problems of tht cell mecUanicfl invotverJ m ceproiliictiou. 

Despite its importanro in ancictit und in moflcm times, nothing 
Certain is known eis to tJiO origin of corn. What littic knowledge wo 
possess of this &ul>ifx;t results froiri studies in tlie diverse sciences of 
morphology, genetica, end cytology. Tlie attompta thus far made to 
recotittmicl the probable past of tliis perplexing cereal, to the satis- 
fflCtirm of ali stmloitls of tlie pnoblemr have not mat with success. 
To H large extent the difficulty of lira wing n fault less picture of tlio 
origin of maiae results &om the controdictoty evidence supplied ity 
the plant itself. This con memi only < hat gome of tlie essential pieet's 
of our puzzle arc tuififling or perhaps nro being overlooked. In my 
event iJio lack of accord among e(}rn experts is an indication of o bus- 
tnltied and healthy interest wliidi should lead cvcntimlly to a huppy 
cmiing. 

It (STORY 

In compariifou with its antifjuity as a domcsucfttod plant the ra- 
coril(Ml liisimy i>f corn is brief, being limited, rif course, to tlje years 
following (Jm diacovery of Ajiioricn, Tlie first definite date in the 
hiatoiy of maize b Novcjiilicr 5, 1-152, wh«i twip Spnnhirrja, dispaleJied 
lo t.ho interior of Cuba mi October 28 by L'ohmihus, rctumetl to n‘port 
that the gfound wns fiown with "a sort of gnihi they call maize, which 
wna well tasterJ, bilk'd, dry’d, and made into flour," No record bao 
becu firtind of maize having reached the Old World previtiim to the 
voyages of the Spaniiirris, and I he botonicoJ eridcnce in couchisive 
that maize originated in lliu Weatom Dr-iniBphere* After the voyages 
of Ckdtiinbua intiize spread rnpUUy througliouL the Old World, reaching 
China probably early in the aixteenth centurj', 

Cotn, of eoiinio, is refeired to in early ciilnniu] documents, all the 
nccounts showing it to bo a coiiiplctely domesticated plant nurtured 
by the Indians. TIic Unliam, whose welfare dcpcndcfl upon ibis 
plant, attributed ita origin to the gods, and some of these legends 
Qrollv preaer^'cd tlmougii t.Iio centuries have been recorded. Many 
dabuj'ute wren ionics vrer* ovobed lo insure Llie welfare of this cereal, 
but neither the legemls iiur (he ccrcmoniss afford any clues ua to limv 
com came to Im the plant it is. 

The first written records, then, show thal corn 400 ycani ngo was as 
it ia today and the Imlhin accounts of ita origin, 1 hough poetic, tiro 
but fnndfid mytlis. FonunntLdy, the iirclionlogicnl record is more 
oxlcnsive xtnd embraces a mucli longer (leriod of thno than the printed 
aecuiiiita. Excavations in DoUvta and in Pem have disclosed euis of 
com pcrliHpa 2,(K>0yo!ini old, and in our own country. Basket Maker 
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buiiiik in UUib^ rougidy a thousand years old, have yielded xicrffletly 
|jre$crv€d ears tpls. 5 and fi)* From die maundij of Ohio imd the cavca 
of die Ozarks have come oUarred Bpeciinane of gmiti and cobs diat 
slifiw com m no wise different from die kinds Unit mwt have been 
grown by dnf Liidiima of rhe same region will on historic times. 
The ears of com from die Peniviim gravee intrired aboni the begiri- 
fimg of mir Christian cm curmot be dislingiiUlnMi from the e4irB pro¬ 
duced in the sainc regiun today* Simijatlyi the earn of com bitiied 
by the oncieni Bwaket Makers are diiplkuted today by the eitra 
han'Gsted each fall by our Soiitliwesiern Indiana. 

Ill fiddition to the aclujil ears preserved 1 ) 3 " interment under the 
exce])liciiia]Iy favorable conditifiiis iti the sDiilbwcfliera United States 
and western South Jbiiericsj there k the record loft by the uncianl 
pijttera wlio dioae lUe ear of com for ceruniic decoraliotu Excellent 
n^plichs of earn are found on tlie pnttery of the Aztec* and the tneas 
(pi. 7). Indeed^ excellent was the replica of cuio cur that for a 
iiuinbcf of year* \l passed among vis m a (ruly foesiliitcd ear of cofiIh 
lltesc potlcry ropliciis and e,xhuiiioti car* aU attest thst corn us wc 
kziriw it today wa* a finished product at least 2,000 year* ngo, so far 
aa ilifltinr.tjvo botamcul cliaracterititits arei concerned. 

Altlioiigh Uicse prehistoric ears am emidi according to our atiuidards 
end give tlie impreeaion that the com uf the Amcrkaji ws* 

diinifiutive. aa a matter of fact the btigeKt ears kiiowzt were produced 
by Indians. Indeed the longest oaTf rino moa^iiriiig LS tnehcfi from 
Ihe hjoiril to the itpicul seeds, waa pFo<luced by a NaTajo Indiftn {pi. S). 
Ears 16 iuclies in leiigQi itre not infrequent among tlie com of tl^ 
Indians of Giiutemabi arid Mexico, EiglitceiiL inehc*, however, b 
about the limit in lengUi^ as Iho pdleii lubes wldcb nniat rcacli tltfi 
OTarv for fertilistLtion raniioL travel much fartb it limn the 2 feet 
necefiSttiy U> ivnch the lowest wctl on an Car of this length* 

Tlte com of the primitives b not priiniiivo and nlthough none 
of these mrs of oxceptional size hits been preserved in anricnt lutrialfl 
Hiere is little reaitoii for dunhling that such ears were produced long 
before Lln> Discovery. Certaiiily they are grown now by a people 
little inJfucnced by European euHuren Indeed, the com Gelds of the 
Tarahumaro Indians of Mesic/i—‘Cave dweller* iUid bow'-aml-arrow 
people—would be u credit to many of onr farmur*. 

The charred cobs rotrievcil from Indian inoimda and kitchen mid¬ 
dens arc indeed similb ^lud U is easily imibirstood why they auggifit ft 
primitive form of nuiij«?. i'rom their size it is unroasonalde b> iiclicve 
thev boro kemelfe as large nts tliose of our roiiiincicuil varintii.^^ and 
kerneln comfneJisurule vviLh the size of tlie cborreil cobs would he no 
larger tlian grotris of W'hesiL IIow^cveTj when cubs of our conunerciul 
vaiioilro are bimu^d Limy slirink m size until they an' mdtflimguishablo 
from Iht" excavjttcd Anrierit rowuiiiifi except tlmt tlic preliistiTii i ubs 
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hnv^ become fleittcood by the pressatife of the overlying ecil during 
their oenlurios of biiriet fpL 9* fi^. 1)* Not only do we not hold the 
record for the largest ears, hut all the otlior records are held by the 
Tn dTftnrt . Tlio amidloat ears urs produced by iho LidiEns of PertJ aa iirei 
film the largest and the amaltest fw>da (pi. 9, Tig. 2, jmd pi. tO). So 
too with the pluni itself; the tallest com plitnls known are grown by 
ludianfi in Mexico and Cenlrid America, where atalks 18 teet in height 
fire not imcommon with the cais iKime far abere the mach r>f the 
grower (pi. U, fig. 1)* Tiie itrcheolngical record and tlie preBent-iimy 
ciiltiiro of the primitives then; shows com fully davelopfid but 
no evidence as to bow' it might have oiipnated. 

In none of the Indian buriak nor among living plants has anylbtng 
been found suggesting a primitive prMoru^ No plant or plant rcmainn 
that could be dassed as directly uivoIvim] in the ancestry' of maire huM 
been discovered. Maize jis we know it today cxtcfida backward in 
lime to the earliest gravps with no aiogea intermediate between our 
com and som« highly domesticated plfint. 

This higlily domeaticuted cereal furnUhed the fouiidatlon of Llio 
tiiree remarkable Incliati dviUcatious—Maya* Inca* and Axtoc^yet 
even toclay k cannot he sairl with ccjiaiiity where* btjw, or when com 
originatiM]. Definit* ana wore to any one uf these uncorlaintUa would 
gn> far totmnl eolvu^sonic of the peridwring questiomt of the antiqinty 
of man and hh civilkationa in Amenesp for muixx^ and man am 
inscpturable. 

Since the historicel and archeolngicid record sheds no light upfUj the 
origin of com* the inquiaitivo must turn to the botanicaj and genciio 
ovidenco. Ukc ourselves nnd our aniiniila, alt plants luuaf have 
had ancesitora* ndd corn ia no exception. To reconoLnict tho origin of 
com it is only required that the aneesiom be foundp but so far lias this 
pUut progit^^aacd beyond Uie luxrde of unLam^Ml grasses that i?ipert* 
cannot sgrue upon (ha probable parentage nor the matinnr of its 
creation. 

Com is novor foimd in the wild notp indoodi can it survive without 
tho care of man« The vt-ry quidity Uist it such a useful 

domes ticauitl plant, the tight adJioronco of the korriek to a ctob 
wrapped in muJUplo layers of huslta, unfits \i for siimval ae a wild 
plant. In having this charactcmtic H InckE Iho means to distribute 
itp prog>-ny—A fatal failing for no. annual plant fotced to curvivo 
unaided in eompetition with roQilily diffusing wild ajiedes. 

Nd other cereal has so completely ioal the ahility to the next 
generatioD. Indocil, shattering of eood is still n proMc^n airiong iJl 
grains but com* so that m this respect jutdm must ife classod ae tho 
world moat iiighly domeaticatiHl grain. 

That com cannot pemist aa a wild plantp oven under fa vorabla condt^ 
tkmfl, k accepted by all botanktfl^ Even wiUi compotUig apeebs 
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diminnirtd, the Lundj^ds of yoiins sMdlwiga that spring fram a burifid 
<?aT of fiom, all mtluii tlte «pa™ atnigrjlo witli t-nvh 

otltcr foiT tlifi uyjiilBblii wfttar mid nuLriente Lo iJm and that nono siic- 
ccciis in pfodiiring sned (pi. 11, fig- 2)* Maka, in its present Iona, 
tliP-rofoi«—B form it li&s been soi n was iittBined at least 2,000 ytmra 
ftjjo—must have surrived wholly ss tlie fmiiIi of inui^B flolioiludo. To 
Oio Atiiericait Indinn must go tho credit lor developing com from tla 
wild onccetors, bringing it to ita present high deg™ of perfection, dis* 
trilluting It over two continents, and maintnuimg it for severnl Ihou^ 
sand ye ars. 

Unlike moat domCBlieated plmitfl of the Old World, whose anceatiy 
is not so tieclouded, no one knows wliat sort of wild plant the Aruerienu 
Indian had out ol which he faRhioned conn Bolftniata Imve placed 
com in tlie tribe ol graEses called Tripsttccae, Uie memhom of which ere 
iliflorcniiatod from all other related trilrea in having tlieir flexes in 
separate spikelois. Tho separation of the eexofl U coBaidered tg Im? a 
fundamental distinction in plant claesificatioii, though in the case of the 
com tribe it oddly enotn^i produces a Btrstige gronping. On Ure 
formal •^•atematic daaaiGtation, in addition to ita Ajnoriceii. niembora, 
tlie niaiee tribe tjLclu<lca a group of Asiatic grasses, the beat known of 
wliich b Job's team (CW* ttcArymn jofrO (pl. 13, Gg.D- To Occidentsls 
the 8ocd-bearing part of Job's tears is familiar ns boarb, but to tlie 
Bunnose, wbo have deFcloped marry eofi-ehollod forms, tliU plant b an 
imiiortant cereal. Tho otlior Asiatic membcia of ttic iuai*p mho have 
not nppoalitd to man and remain aa wholly wild plants under tlio for* 
midablo names of Scierachne, Tolytoca, Chlonachno, and 'rrilobaclme. 

It shimld be kept in mind that these Asiatic grflssea have been 
placed in tlio same irilw with maum largely bccaoso of the fact that 
tlioir seiss are bonio in separate splkelota. In appewanoe they do not 
suggest maize, and in some rcapectB they occupy a poailioo inter¬ 
mediate liotwcen Ibo Tripsaccfto and that group of gigantic Old World 
grasses, IIib sorghum tribe (pl. 12> fig. 2ji. 

The Aruericoti relativea of rnaize fall into two distinct ^iips or 
genera, known to botnnbt* aa Tripsacum and Euchtaena. The former 
is commonly known as gania grass (pb 13, Dg. 1) and tho latter is 
becoming familiar imdar tho Artec name, ieosinto; a riamo which may 

bo tranektod oa "god grain" (pl. 13, fig. a, arid pl. 143. 

Tlio group of gams gmsscs h widi'€F}froatJ in Noitli Araprica and tho 
moetubinuitoua memticrof tlib group, 7H|««rirHrti darfj/feMba. common 
iu Lho United StaUa, has bean found in Soutli America (pl. 15>. 1 b»w- 
ever, lho center of tho genua appoats to bo in Mexico and Guatoniala. 
In Uiose countrios ihia genua w repreaentod by sovoral species and inter- 
apecifie hybrids, several of whicla are (juite cornliko in goneral aapeot, 
diidly Iwcauso of their large broad leavefl and many branched tassel- 
lika terminal InflonwcanMa. The oommonfiat momber of tliis genus. 
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r, daclyloide^f imd th^ ^^Jtilikt^, hns hybridi^er[ with 

eorrif Lhun pnmng ii definiti* rtflatit:rnnliij>p thaugti from tiic^ f^t fimt 
mich hybrtdi arc it k rorirliided tlmi ilia r^laliiiitdiip k 

remate. 

The gTftss known os twsitito has been found only in and 

GunloniAlA. As yot, botanists rE^o^izc but two specter of teoainte: 
an ojimual farm desiim^ted Euchiuena rnsrirana, mid a pf^i-ennial foru 
called E. /Kfrsftwk. Tlik latter e]>eded hiis boon found aiJy in a very 
mstricted area in the Staio of JAlkoo^ Mori4;:!<f, wheroHs ilia anntidJ 
ftpedes rangea from Souiliem ChihuahiiaH Mexieo^ the Departmi^nt 
of JutJiipA in BOTxtbern GiiatemaJa (fig. 2)^ 

Both spooies o( tcoduta lnybridi^.o wiUi cnriip not only dirougb 
manual inimipulatTon but aUo wlien growing noturaily in the bold 
ipJ. 16). 

Hybrids botAvepu com fmd the pereiiDiid epociee of tec^inte are only 
partially fortile and are pemmiai in babiL. IMorpliologioal]? Uiey re¬ 
semble tecs in te much more closely Llian com. This failure of the two 
parents to all are equally in the diaraeteristirs of their mongtd ofT- 
spriiig has been exphitned by n study of tlie hereditary inui^haiiiFtm of 
(he two graK!!«s. 

The qualities of OAieiy individiia], be it animal or plant, sro deter¬ 
mined primarily by the mlieriiance denved from tho parents out of 
whom it was fuehianed. This inheritance, since tho redbeaverj' of 
Menduri cpodid w'ork uu hybrids^ is knouTi to bo parlietdaie in 
nature^ the parents parsing on Lo Uieir otTspring ddinitc parUch^s now^ 
named genes. TlicHe port Idas are carried in tho reila in dtring^ called 
chromafi^im^'ifi ntid for every apecias there k a diiirurteristie immlier of 
such etring^H In com it htts been found tlml the genes or hereditaiy 
pf^rtidcs era carried in 20 strings or chromosomosj and such is the num¬ 
ber found in dl arimml teosintci but the perennial Bpceics of tcosinta 
possesses 40 ebromosomea. Tliia double number of cLramu^umes k 
presumed to liiivo coma about by the faUure of a box cell to divide ita 
chromosomal content or by a doubling following fertili^pation—n proc¬ 
ess timt would give tlii> re^suUiug plants un extra sat of gcncF. Thus 
ih& hybrids batwean jicrannial tcwiiile and com receive twice a% many 
horadiiary partidaN or gancs^ fnim the tcosLute parent os they chi from 
the com parent and this dispariry accounts for the resambUnce such 
hybrids Ix^ar to the grsss, teosinta. 

Tha annual foitn of teoHinto hybriilisccfi more freely with mailer and 
the bybritl oWspring am mure neariy inlrrmcdjjite in rm^rpliolugichl 
stmetum betwnau the two griiws. hybrids are flclf4artih% a 

fact that i^tablihlii!* u very elu^* mliitiunship f>alwccn tlia two psrenUl 
genera. 

Natural hybrids bctvrcsn tooainto and com found in MoxifN> ware 
mistahenjy interprariHt once os wild niaif;ni and in more recent litnes 


MAlZB—KKMirrON' 


303 



'tlUB^vno ptni u) ^|dd ptinfi tmu Itq LiiUuui «ici ^ un cnqla 































394 A^'^‘UAL ARPOEtT SAirEBAnS'lAM ITf^ITCTtO?^. 1S37 

fl«Ad of thesci fiybrids vroB utUkeil b3r L^tth^r Borbnnk m hia wiHolj 
piilitirirad dciivatmn of com from teosinte in IS gonoration^. Fu 
bo lb Mesico and GuAlcnmlo the Ini liaoB upprociata ihnt teoainte 
bjbridues with com find thm the onrly generBliona am unsuiiitblo 
(10 grain. ObBormtion has tHught them, howcveir, that rfipoatodiy 
bnckcrossing tJio hybrids with the moke parent wiJl in a short while 
clhiunata the ebarocteristics contributed by toaointe. It is com- 
moofy stated that if tbo hybrid seed is sown for three generations 
with com St will then become a sort of com wttlt ettiuU ears—a foot 
which may aocoimt for tlia Aetece haring used the dcj^gnatioa 
leosinte. 

Ill (several tt^ons of Mosiico these hybrids of various generations 
and of backonoeses ore found around and in comfiolds in great 
profusion. 

BIRTBPLAGE OF MAIZE 

As it happens, tbo ploce of tbo ori^n of maise nuiy bo loestod 
with more cortainty tbi^ the manner of its origin. The exact region 
of origin of any cidtivated plant ia not known, but botnniate have 
formulated two guiding priuctples wdiich, wiion judictonaly applied, 
produce reaaonabio rosulta, It has been noted tbat, oilier things 
being equal, a apeciea ia leas varmljlc on the periphery of its diatHhu- 
tion than near ila center. Frcaumably, in wandering from the site of 
origia, only a part of the inherent variation ia carried along any one 
path, BO that at any point on the outer cirdo of diatribution only n 
part of the variation ia represented, If the whole cirttumforence of 
distribution be tiaversodi probably the on tiro range of variation 
possible to the spodoe would be encountored. but this range would 
bo found all in one place only at tbo center of origin for the species. 

Applying this principle to locate tlia origin of mair.o would put tJio 
beginnings of thia cereal in Peru, for in (he region of Peru and 
Bolivia occur tlu grealeat number of maii» varieties. As witli many 
broad generalizationa, there are BaccpUoEta to tliia one. Other tilings 
besides germ plasm in n dux and tbe^ random selection of gonb coin* 
pl&xee influuDce the variation of a epodes. Thus the very nature of 
the Ponivion terrain would explain tbo multiplicniion of moiso van* 
etice. Cut up into narrow v^cys intorcommunicating only at fhe 
sei^hore and extending from sea level to great, altitudes, even though 
a single kind of com started its way up oil of the I’oruvhm vnilcys, 
the necessary eelection for adaptation lo dilTerent environments and 
the lack of ready interr.bango of Beed would result in time in each 
valley having com differing from tiuit of tho othera. The rugged 
Peruvian terrain would be expected to produce the multiplicjty of 
com varieties now found there even though a ednglo kind of com bod 
been introduced. 


H AIZE—KES! FTON 


395 

Althtragli tbe principto of greatest Tamtion at tlip <'ent«r of origin 
luay he disrount^r Peru baa tmothor claim to the origin of moue in 
that it luui a prchlatoric popuintion of e^repHoaally akillod plant 
domesdeators. Ail the eridoace pobte to the Incas and pro-Incnn 
as hetng ahlo ogrieuIlunBtfir end tlieoe peopio regularly culti¬ 
vated some 70 spwies of phtata. Tbo archeological evidoace aliai 
points to the origin of pottoty in Peru and its disaeminadon north¬ 
ward through Centrai America into Mexifo. With clear OTidsnRS 
that Feruvian pots moved into Korth ActericAj it would eeeni logrcui 
to oonulude that their groin might follow the some mute. 

The real stumbling block to looking upon Pent os the center of 
origin of mnixe lies in the unmistakable feet that com rolativos are 
not now found there. It is difficult to see bow com could bare been 
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developed williout some plant to bogui withj eo that pfoponenls of 
Lhs Peruvian origin of maize aro forced to adopt the poddon that the 
wild ancestor of mabco has been completely eradicated. Until sll 
other hypotUcees have bean exhausted t.hia sterile conchiidon should 
be held in abeyance, though ihero fa undoubted evidence that much 
of the original flora of Peru has been profotuidly alterod by hunum 
occupation. 

All of the known wild relatives of make are found in Guatemala 
end Mexico I and these Jlepublfcs are eocottd only to Peru in the 
numbor of maize varieties. At llio preseni time the Urgesl area 
covered by tlie closest wild ancestor of mairw U in the Doporlmcnt of 
Iluchuetenango, of oortbwestern Guatemala. This region is now 
occupied by descendants of that hi^y civilized group of agricultural 
Indiana, tho Moya, and tho area is dotted with the masonry ruins 
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wf the ejuly Maya peoples. Since this rcgirtii ejiibracca Llie niaue 
nne^stdrs, IUp matza Turiability, uhd hml a people fuUy capable of 
devdopiag maize, it iu >KiiDeiiii)ig lK:lt«r tliaii au tdlt) gtiees to jiinco 
the otigiii of Riaizc witliin (lie territory now roTet^d by the Mexican 
Sinte of CltiapiL^ aiifl die Giietotnaipj'i Departmejil of Ifucbuoteiiaiigo. 
with ihe empboeis on tbe liU tor. On this ticw inoi*!? migrated Goutli- 
ward 03 well as northward, the moveniejit soiJl.haru.rd twssibJy m 
exclioiigo for tlio pots of Peru. 

The pnesBut-day dcscemiunte of Uic Maya livitig in the region of 
teoeintc do not use the A^tcc tuimo for this plum, but Irnro Lite Maya 
nuttm tSfJie or SalKim, the hitter atiggesting an affinity to the Muj a 
w'Ofd for corn—mm. Kortlier auuth in Guatemala tho Aztec mune 
of this gmfs ieap[ioars in the Department of Juunpu. hut tlio Aztecs 
ore known to have controlled tide region nf Guatemala tliroiigh a 
wnlc along the const extending even into El Salvador us far as Santa 
Ann. 

THEOfiJCS OF ORIGIN 

There are several tlieories current »a to how miiizc may havo been 
derived from its existing .i\niefici{iri wild relstivos. All of ihpso 
theories have their merits and no one of them olfeis a definite solu¬ 
tion of The mystery. To nuderstend something of the ditrictihies 
involved iu the troueition from (lie known wild relallvea of maize 
to the cultivated cereal it is esBuntiaJ to understand some nf the 
principal dilfcreniMis between com and its relatives. 

The moat familiar part of tlie corn plant is the cor which botonicolly 
canutitutes a contmdjiuii and a moniitrcudty. Xo other grass |K>a- 
ae5iK^ii such n sced-bcoriiig oigan. Nftturallyt confrontwl witlj such 
a fftsemating problem os (he origin of tiis ear of com, botanists bsvo 
proposed EOvornl theories or tih how this structure could Uavs lioim 
dorived. Thes*.'! thi'ories arc not in ogrciunenlj ami several nf tliem, 
though pluuaible, do not lake into consicieration oil of lito mor]diOo 
logicid fucL>J. 

All aiitboritics recognize that tiio ear of mm is a transformed ter¬ 
minal ijtilorosccucc of a lateral branch and that, tie covering of liusks 
come about. tlirnugU a shorteolng of the .intemodes. TJio husks oio 
in reality leaf sheaths that in some varieties, esfiecinlly of sweet mm, 
still bear well-developed leaf blades and still retain hutLs in tlieir axils. 
Gccasicnidiy an ear stalk loses Uie brachytic feattin'^ of its iiitemodes 
and Ills result b an ear at the end of ii vegei.iitivc brnneh fpL 17, fig. l>. 
Or at Urnea the, buds flevclttp between I he ear-bouririg nodes nnd tho 
vegetative hrunchen or anekcpa, in whieli case the resulting branches 
are sieon to ho iatormedinto lietwcen ears jmJ suckers. 

In tho wild gross, teosinte. there is n bud in the axil of every leaf 
except the uppermost, and weJl-grow'n plan)* have a horrmglKme 
branch pattern with a branch in the axil of each leof I'XccjU the iipiter- 
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nvogt (pi. IT, fig 3)- These hrtinchc9 are home in n I wo-mnketl nr 
dlsitcltDUB aTTUngeinenl. Ench hmiieJi heginiiing witli tilts upswraiofit 
ami desrending has one less node than the one next below. In pianto 
not 90 ivoll gwiwn the intemodDS of these hronohes often do nnt 
doJigaie, th«6 leaving Uio eniiws hriuidi utmotiiro Enclosed In the 
sheallis tinieh as the husks enclose the ear of luiiiKe. In these casps 
Ihe numlipf of shenihs ia tlmt corresifonding to the position of the 
hmni-K on the mnin ivris. 

In moat tj'pw* llitre lire no huds in the axils of Hie leaves 

above fJio ear and the ear is borne in the aiiS of the fifth or sixlii Itiaf 
from the top, a position that in tcosinle 'B-olihl give a brondl with 
set'cn or eigjit nodes. If, therefore, the car of com has come alMiut 
tliToiiglr the tejescopiog or Rhorlening of a branch at this p+>sition the 
car •dionhi be enclosed in seven or eight husks. Actually in most 
comnicrciiU varietipa llic Ititfik covering is much g«>iitar tiian this. 
Either several nodes nlmve the ear have been lost or exlm nodes have 
been intercalated on the ear bruncli. 

The lemiinal panicle of maize, or tlic tatsecl, ts ciiaracteriicd by 
having the branching region wnll defined w'dli hrunidiss Ixime mfire or 
li» 3 s at right angles from the axis, and the pnnide torminates in an 
erect organ loiown aa the ceniml apiko. In mniKC this organ is ft ^n- 
tiniintioti of the airs of the panicle or rachis and is covered with paired 
spikolets arranged in eight or more rows (pi, 13). 

In teosinic and in gnma gra-ss Llie racfii'^ does not continue beyond 
the bnmehing tvgion, and the patikh* tcraiinstca in a branrli, in no 
wise differing from all the other brandies (pi. Ifl). On it, as on ah 
tlio other bmndics, tlic spikcleta are in four rows, i, c., two rows of 
jtaired splkdots. 

Tins tassel of com with tho centml spiko removivl rcoidd be siToilnr 
10 Uie tassel of tctwinla. It ivaa curly realized that the cur of corn 
was the homologiio of the central spiko of the uisswl and ilicro ia no 
(lisagrcEmont oti this score* Tlie ear ia envisioiied, us hovttig ariifcn 
thnngh a transformation of male inU* feniiilo spikekte with tljo sup* 
prcsflion of ono liovrer in cadi apikclct, loss of thf laternl branclics, itnd 
eliortcning of the inlemodes. Ky this means an oar of com could 
be derived from the terminal panicle of a Intoml branch (pU. 23 m'd 
311* 

*\Jthough this picture of how tho ear could bo derived from ft corn 
inescl 1 r satisfactory, it fails to tako into aoconnt that the oi^un of 
tlir tassel—the ceiitritl s]iikp—from which i.lic ear is to bft derived is 
as much in need of an esplanation na tlio car Itself* Tho prohlom of 
the origin of the ear thus bwoinoa the problem of the origin of the 
CflRtrnJ spike of the tassel, 

Tbc cftriicfll explanation snggCfHed for the origin of Uift ear was 
that it cnnie about tbrough a fusion or faisciation of the branches of 
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the panirle. AIlliDugh tbe idfiA of bmnoh coliQxeuce vrm propi^ific^ 
for ibe it would aewunt oqunllj wdl for tbo apiko of Lhr^ 

itiHixo Thb theory k supported by ilie re<^urreiice of biiiircatrd 

nnd fiftsciftlod ears imd ceniml ipibfA bui bits obt-oiued oo tibtologiciiJ 
rotifirmntLoii (pi. 21)^ 

A eocotid siiggestioD biis boon mado ihiit tbe BpUkO camo 

about tiiitiugh the auppresaioD or reduction of Uead branches into & 
?implopair of apikoleISp tbuE levying Lhc oenLral ajda surrounded by 
pfliftHi spikolets. This tlioor^^ derives pJjiu&ibto auppori from certjiin 
peculiar branched forma of maize whore the braochofl extend in on 
imbroken series of OTer^JecreoAing lengths from ttio base to the tip 
of the Insaeb tti this farm of m^iz^p known ua remosoi end in ccrloin 
oUior dmilfir tjpeS| such os branched oJl etagica boiivceo 

tmo branches end paLind spikclets are found, Wliere those forma 
biive been hybridized with norma] mai^ tlioro often La^ in tlio genera- 
iiona subsequent to tlie first, a great variety of intcrmodkBte fomis 
showing oil degreca of tranMLion from tiussel brandies to pitired 
spibelu^ fpl, 22). 

Tticn, too. among the twlded forma of tnnixo it is not unoonimon 
for a pair of spikelcte to dBvelap into a branch. The procoas la also 
eecti on bntli eais aud tassels m a vormtion where the Oowei^ am 
proliferated* 

A tliird method of deiiving the car faaa been suggested from a 
study of the hybrids between coni and tcosinte wh^re it Kflft bi-sen 
sliown that a yoking of spikeleta takes pifice. In aome phuita these 
yokes fit togothor at right angloa, tinia coniitii>iCmg an cigbi-mwed 
ear (pL 23}., while in others the yokes ooour in more complicated 
figures^ giving earn with higher ntirnbcm of rows. This theory^ 
while necessitated by the belinidor of com^tnosliile hybrids^ does 
not easily aocouni for ears with rows of kernels In multiples of Lwd. 
This eome objection has been ruiscHi to, the Uteoiy of branch coalescence 
because each branch k a 4-rowed unit md the union of iwn such 
bronchee would give an B-rowed ear; three would give a l2-iowod 
ear. etc* The objection, bfl£cd on the undoubted fact that eans 
having 10, H, and 22 rows are commoti, k pertinent but not 
utsuminunUiblo. for tlje comnioneat feaiuru of com and its tf^tativea 
U one of abortion ur siuppirsaion of parts. Leaf blades, brmichoa^ 
epifcelote^ and flowers are regnlarlj aborted or rather supprosBed^ 
and the euppiwsioa of a dnglo row of paired spikelets k sulhciont to 
reduce a 12- to n KKrowed car. Thk suppression of fow*s of paircil 
spikelot.s k a comuionplaco in uioet eoziiiidds. Iruioed, ears that 
begin with elglit rows often through poor growisig condiyons end iis 
aix-rowed cars md even oa four-row'ed ones (pi. 34). The phenomenon 
ia coiuiuon m eiua haring higher uumbeiH of kernel rows* 
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iUilioiigli wholi^Blo ftboTtion b not n ^iSTj Batiafactor^ CTcpkimtion 
on wbicli t.0 buefl tli^rieSp it (aisnot bft ignored in ^onmiloring Ibo 
(jiigin of the oar* Thos* who rojoi^t tlio fiwciation, brunch feiippre^on, 
or yoked spikolot cjqjlanfttioii of the origin of the r,ar nro Joft with the 
LhKrry that tliB eftT, like Topsiji juat dovelopod. 

In Hie pre^^tit atato of JamwliKlgo of tbo corn plant tho idoa of ihe 
oripn of the c^mlral spike of tho taasfJ by the suppro^ion of hnmrhes 
offers tlio most reason aUIo rapIminFion of this orgmit oneo given 
tho eonlral spike, the ear can be derived wiLlitmt fttrUier centrovprey. 

Wbat oaiiaed the suppresBinn of tlie branches of tha taa^lp if in fact 
that is what happouedp end what species of grass UikI Ihe brandies 
aiippiessed is an entifoly eeparatit pmblnm. Nor is tbent any eolutinn 
of why in niidzo both iuembera of the paired fotnalo Bpibeleto develop 
w'hiio bi all other menibars of the tribe one momber of each pair m 
siJ]ipro8Sed* Here^ too, Hiero are several tbeorios* One school of 
til ungilt has ooxn derived froin toosinto by gradual evolution aided in 
its later stages by anui. AlUatl to this explanation U Uifl Buggestioa 
tliat maize origmatwl from ieoeinte by inutatioa or a sonea of muta.* 
Lions* The essential differimeo between origin by mutation and origin 
by cvobitinii and adeotion b one of the miignirtnle of tlie atagoe* 
If the fiiutationa were many and of sniatl effixH tlieffe is no difference 
between tbo two, but if maize sprang fulUlodged aa a ringle mutalion 
from tooeLnte tho tw'O theories are quite divergent, A second grotip 
hoiib that com anti teosinte developed Croin a plant something tike 
ganm grass, the two genera splitting off from iIms common stem* 
Tho proponents of this theory bold that tbo line which developed into 
make conaitiied of planta mure miuzi^Iike tlian tieosLnta but stUl able 
M survive as wild plants^ 'llicir iisefulniC&e to man alimulatod eolec- 
tion* and eventually the wild filanta ^Ibappeai^ prosumably to eon- 
found tbo students of inairpe. A third suggOBtion baa boon made that 
mOike been developed from a chance hybrid of toorinto and some 
other grass not specified but indicated as probably beloiigmg to the 
eorghum trilio. Eaoli of Hiobo theorioe has rnerit though none offers 
a i^atkfactoiy cxiitanaLlon of all the facts. 

The llural unit of tlio grjia^ fauiUy is the spikalut, ami in the tribe of 
whirii miuKo b a memWi tho male apikelela are borne iii jsain&p one 
stalked^ or pcdieelcKlt the other witlmut a staiki or acfflile, each spike^ 
lot containimt two flowers, Tlio female spikeSoto of all tho mabie 
retiitiT^fl are bonio singly and aru onc-llowered—one whole opikelot 
and ono (low'cr Uaving been aupprB&«<Hb but in niai™ the female 
spikalets are at-Ul paired^ Hioiigh nommlty eaidi develops but a eingle 
flower, which ^plains why llio number of rows of kemcls on an ear 
aro found in [nnltiploa of two, 

The seccU of moat kinds of mal^ are iiakL^, Hie gftmxc^ of Llio fe¬ 
male spiJkelcts having become greatly reduced Jn aiza and meinbrana- 
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ceous in texiiirc. Thwe is one «ceptbn tn tliifi eonditiofi—the kind 
of oinij CiUed pod eorti where eacii esed is enclosed iji giumea w*hich 
in some strmms ero grotesquely cnlurgied (pi, 25, fig, 1). U was 
thoiifriit at one tijnc that this type of com reprt’sented the ancestml 
nr priiiiiti\'o niehEe. Wlien morlnrately dovoloped, the ('Junies of pod 
corn represent a lose apecintized condition* and hence a more priiui' 
live form, tluin tlie membninacooua giunico of the orriinaiy of 
com. Ho%vovar, it docs no t fol I ow tha t pod corn ia the priini tivo m aize. 
U has been sliow'n that this poouliar tyi>e does not breed true and can 
only aurvivB as a hybrid with thf» nonaol form. Apparently the puro 
form of pod wm in eterile—not a very aatisfaotory condition for an 
ancestor. It is inio tliat the podded condition is clominant to the usual 
form, in hybrids hetwoen tije two, and Jinwt wild tyixjs are douunant 
to the derived forms, Also ilie cobs of pod com cafiijy becomo lirokon, 
lending to saparsto the proiectod seoda, Liitig siding somo wit at in tlieir 
dktfibution. Despite the possaasion of these attributes fd a wild plant 
pod cont sooHiB no inoro able to porabt iinsidod than tJie faniilLsr 
nonpod fnrins. Further, when it b Rroaaed with a form of mai^o 
liaving tho primitive condition of J^rnnehed ears, iJio oombination, in- 
atcitd of reconstituting a typo of maize suitable for aurrival in tho 
wild, gives rbe to a sterile monstroHity ajitly called cauliflowor fpl. 
25, fig. 2), Pod com there fore, though jx^eaessing a few primitive 
festurvfi, must be daseed with that lifjgt of mislita ani] ahnornialittra 
ol wliich thm are scoraa in nuuzo brought about by rhang«B in the 
OftliRHry hpritablo filomeiita genes. 

All of the relativas of umiMt have Uio soeds enchBod in ghmii«, and 
in some the outer glume boft been thinkotidd to cover the seed, which 
is deeply embedded in a oavity, or alveoliia, In tho rachis. Other 
maize nilstiyea such as Cbij, have tlio seed oompletoTy nnoloscxl in a 
greatly modified lonf sheath, shelt-liko in texture. These modiilra- 
tions place the reUtivoa of maize farther up the ovolutlonarx- tree thiiti 
ruaiw) iisolf and olTor serious cdjatachs to the tliDOiy tbntcnni has been 
developed from its ojdsting relaliveo by seinetion. 

Kurtber, maize is much less stable than its relatives in the aopora- 
tiou of tlm aajcaa—the basic chnrHctoriBtic of tlsfi tribe to whiish it 
fxiltings. The dovobpment of female flowers in the tssiwl or of nmle 
flowers on tha ear of maize b a coiurnonplBce, and many trtto hrt'odifu' 
forms of this sort are knomi (pi, 20, fig. 1), In tlio n-lat ivea .,f 
siinh sbotrations are practically unknown, evolution in three relativejj 
of maizo apparently having progressed to the point where iho sweroa 
Are eotnpJotaly fiop&rAtcd. 

VhB cliATuci^rifiticii Lluit cllifcrcEiliAt^ iiiai^ci from ita ate 

aU in the direcUon of fnahifiiung ii plant useful to man, 'I'ho large 
aewis, iiiiieh lurger than is required for the full nouriBhinant of the 
youtig seedlijig, the ear of kernels whereby uU the saods uro swuroly 
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fastened in one or Iwo paoke^oa, the loss cjf a dispersioii syatem extend¬ 
ing oven to thfi male pmucle, lUo htaefiytic latorul hfwtchiw and snp- 
preaaiDn or total loss of bvjda, in tlio of the leavea ollior thoji at 
the ^ nodes, ato all featiirffi fitting the plant to raan’^s rciiuirenwnta 
and unfitting it for indopetulejteo. CUoitrly then it is logical to con¬ 
clude that theao attributes are tho result of man's efforts. It would 
bo as iKuoaaonablc to ascribe them to fortuitous cariation as to 
accredit ihera to a bonoficent providenre. , 

Before man could iniliate the scioction which some authunites 
beliovo eventually led to mai» there would have to be some encouta^ 
ingcliaractorLstie, some useful part, on the plant with which licalarte*!. 
Now no mete useless gmases from llie ataudpoiiit of human wnsump- 
tion could be deviawl Umii the Anieriemi relallves of inoiM. The 
seeds of teosinto, the uitist wiaiaoliko relative, arc uo larger ihau a 
Ko- 4 shot, arc firmly embedded in a brittle articuJatwl rnchis and are 
further protected by a hard ahoU-like outer glume (pi. tig. 2). 
They have the atlded difladTantago of being distributed lliroughout 
the pLaiit in apikea of only' six or aoTCn that ripen over an extended 
period* The labor of gathering oud the difliculty of separetine 
enough seeds from tlioir eovoriHg to fumish a day's few! supply 
would ba disheartening I cfljMscialJy wiili oUier more prouiising grassea 

from which to choose a cereal food, 

Thera is no pridence amtoig the carliMt burials that toosmto was 
ever used despiu? the fact that the "seeds” are ulmoat ideally ndaptoJ 
to long preservation. Further, had this plant ficrvwl as human fjxid 
the chatigre that would havo been wrought by setoclian can 1» VMU- 
alhted AJuioat certniuly the seeds would have increased in ww!, 
probably to tlia point of oiiemlmg heyond the outer glume and pro¬ 
truding from the rm-lus carity. Tho spike w oulJ have been 
and the rachis scguiflutfl would have become finuly united. Tfio 
outer glume migiit Imve become ooft, aii<l tlie Qiimltef of sewls in a 
spike w'ould have increased. None of tbcee changes would liave led 
to nioir.e but to a domesticated form of leosintc clearly cxmWUng im 
miKla of origin Just as the domesUcatod forms of the Asiatic m^e 
relutiva, Coir, rcaoniblo their wild ancestor. Such a lij'potlielicai 
cereal os tho dunieaticatod teosdnto wo have ekoiclted would bo further 
removed from the wild plant tWi are the ilomittlicatcd forma of 
Coixt wlikh gives some idea of the time factor required. 

Of course, given time enough, it must be grunted that maize could 
arise from tcoainte by selection just as the troupe of monkeys pound¬ 
ing At rundom on the keys of tho Lypevrtitor would in time reproiluco 
llie works of Sluikospcarc. This period of time, however, i* believed 
to be exceasivo* 
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Til* mutatioD theory aHortis an eony tnenns of ovoreoiuijig' tfie iime 
factor dace by ^unuuj» a skglp mutatioij it h posaibb to origiaat* 
Jttoko /tom tcoaintfl or for that matter from may other gma witliin a 
«mgle year. Of course, no one propoaea that maiM aroso in quite 
this abrupt fr^Aliion, nowovoi, it has besai suggested that maize 
arose through a senna of fniitAtione, each Jeadtug to a uiorB irifiiTe- 
Uko plant. Thusj if n mutation took place b teoanta such ttiat 
seeds of useful size 'were producwl, man would immc4iatdy enter the 
picture to presen'o such plants. In ^iiw a ftcci>nd mutation migliL 
produce paired female spikclata sticli aa are found in cornj and by 
further mutadona a oob could iiave been derived, and so on until 
all the diflerenees between maivei and leosinte were obtained, Tijese 
mutptkmij need not have been gross changes but each one pHsorved 
must have increased the value of the plant to man, 

The m'idciico ugainst anything appfoacliing the origin of maize 
through the prcservadoii of relatively large mutations ia threnfold. 
B’lfist, uoiie of l.ho intcrmedinto stagas, none of the halfway cerna, 
havo bnen found in the earliest biiriala. This is n minor objection 
if the muiatiotii! took place in remote timee but it is well to bear io 
mind bocauao porforen it plnrcii man in the ^^ew World in voiy an¬ 
cient lirttM. ,\'ot so ancient it U tnie as would be required if com 
were derived from teosinte by the orthodox means of sotecting small 
vamtions or smuU mutations, but measurable to thousands of yearn. 

Second, com everywliere is botanWliy idetiticol, The com of 
North America is iuilistmguiabable in the featurce which make it 
com from tliat of SouUi America. For those who hypothecate a 
relatively few major mutatkms this hembipherio identity of com is 
unfortunate. The first mutation making toosintn or any other com 
nnwator iiscfu! bo man would have stortod the plant upon Ite jour- 
neys, and the succeeding mutations that led to the building up of 
rnmic wnnuld have occurrwl at widely scattered points and over t«o- 
tunes of time. Eacli would spread from its point of origin but dif¬ 
ferent combinations of thse mutations would be rxjieoUal at dilTercnt 
poinfB on the peripbery of com dtstribiiiion, Widely sepjkfnted 
pcgitjtia of tlie N'bw World woukl have liad widely different aiUKiiea 
of com, tVe have tioen that such is not the case. To account for 
the obvimis fact that com Is com wherever found we must assume 
eithor that enough time has elapsed sintto the lust important muta¬ 
tions to permit them to liave t>ecdme thoroughly incorpomled ui the 
species or the leas likely aaeumption can Im> made Umt all the muu- 
liom eventually occurred at some one place and the ploni was lUu- 
tributwl from that point. 

Although mmatiojM have not been found in teosints today, no 
doubt they do occur but not of an order of magnitude that would 
auggeet n development nito maizo. 
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In tnalsOt mutattocs tUB nlmotit lli« ruioj (Jia germ (it&sm being in a 
Uigh^ undtablo <xinditJon hb cnmporcHl with, Uwt nfitfi wild ndiitives. 
Within the pnat 2<} jcon orer !)00 harilabSe variations or mulstionn 
have been discovered Aud tlie nutii/e of thiiir inheritance detemnned. 
Some of these affect the stnieturo and appeamnce of the entire 
plant, and if coaeidered atrieily from « Bj-BtcmaUc botoniciJ point 
ijf view, plants poseossinj; certain one* of these mutated gene* could 
not he cJosscd a* caaLze but would fall more naturally into the soightim 
tribe. Indeed the mutution known as toopod, the result of n rhongo 
or mutation in a aingle geiU)i le of sulDekmt magnitude to give to ttie 
origh) of maize by mutation strong supedirial euppon in that it 
iUuatratoa whut profound modiRoutions ran occur as Uio result of a 
single gene change (pi. 2~). 

The moat acrioua objection to the hyrioilieeb Uiat nuiize otiginsted 
from too^te by mutation is found in a study of Uto hybrids between 
iheac two genera. The choruoterB that dlflertmtinte tjie two genera 
do not bdiiivo in inheritance like mutatioue. The oar of com does 
not ocgTcgsto OB B unit or a few units from teosinte-oom croasea 
and so witli tJie other dutractars (pla. 2» end 29). Tliese hybrida 
allow dearly that tlio two genora ilifTer by hundreds If not tliousands 
of genes or oa the mutation idea that com diflere from teosinte not 
by a few mojor mutations but by a multitude of wniUl ones. 
fact reduces the mutation theory of origin to lliat of the sdectioa 
of nniftlt variations. In reality there is no diderenco between the 
two theories for mutationa vary In tiieir effect®, some gene change* 
to gross modiffcalions of iho plant, others leading to inlin* 
itesimal offecu, and the tw^o thcorica become tlieories n^ording 
tlio length of lime involved in the procoaa of changing tooflint4J to com. 

If com bus b*.‘cn developed from tecainte by the selection of hun¬ 
dreds of fevotuble fortuitoua gene change* tlie period of time involved 
is such that tiio couiplete intorfertihty of tbo two genera needs 
explanation, for in sueh vast periods of time incompatibilities sitoultl 
have orisoo in ehromoeome configuration such on translocations, 
inversions, dtslutiona, polysomlcs, arul polyploids tliat would have 
limited conjuBatiim and resulted in sterility. The first osplanation 
of the persisting fertility of tlieso genara when hybritlizod is that they 
have remnincMl on in ter brooding group from tlm Iwguuung vidth 
man ever pitoorving com, nature preserving teosinte, while the 
intermediates fell by the wayside, jtside from Um fantastic nature 
of this assumption, it finds a contmdictbn In the morphology of Ute 
chrotuoaonies of the two genera, 

Wliun obscn-oil at the appropriate stage of cell diviaioti the ebro- 
mueomee of botli tooalntc and of com are seoi to have dbtiucdvo 
enlargementa, globose in ehupe, distributed along their Icng^. 
These swellit^ have been tonued '‘knobs” and they are becoming 
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vory ijs^'ful in tJx^^ IdcnLifir^ticin of incliirTiltml tliramo^mi^ m iJiey 
pftfw from Dti^ piirent Ui nnotUer iii liybrick (pi. 3(^ fig. 1). 

In tmiiite, knoba laje fotiuii oijy oa tli© (md» of the chmmo^rnes, 
Oft in tliQ i^remual (Euehtucfia perrnnis), they itinj bo ^ 

small and indlatiDct m tf> bi^ pra^ticidJy nonpxktciiit. In roai^o, Chc&o 
knobs oflonr at rarioua locations along tbo ohromosomu but tboy ara 
not found on tho antifl. 

These two closidy related gr.nora, then, are fUfToreniliitcd by tho 
one having tmjmioi kimbis and the other having int^mn) knolia on 
their ehranioBomtis. Now lliorv. La no known mechat^ni whereby 
the chromosomes of com can mate with those of generation 

ttfler gctiemtionf withoiU exchanging segnicnts. If such exchanges 
have taken place over the years, then no such dilFerences in chromo¬ 
some morphology as have Wn observed should bo found. The con¬ 
clusion inuai be reached that no such widespread interbrecfling baa 
bten taking place unlt-sa it is aasumed tlmi jiU of itie cLualitjes that 
con^tHut^? a teosinto plant as distinct from those that make com arv 
located in or very clofl4? t4i dm knobs. To be even n.'inotety 
able this asaumptiDn woidd require far more knot^s ihan arc fntmd. 
Purther^ such repealed interbreeding even with strict selection woald^ 
m time, have made the jiicmlwrs of the two genera much more alike 
than they are. 

The third theory of tlko origlu of make through the liybridkation 
of teorinlo lujd eomc unapeririiiHl gnuss having some of dm chftract(T- 
is tics of die aorghtim tribe com|K>S 4 vs some of the conflicta mot in the 
other thcorii-a of ori^Hp hut raises arLditiond ones. It derives its 
supjmrt frf>m the obvious fiuct that the nearest known wild rdnttvea 
of maixe possess only some of the features of mBize, lack otiiers en¬ 
tirely, find are more higfdy sperialixet! in still other characf^rktics. 
Thus the seed spike of leosmlc with its singlo mstuud of paired spikts 
tetfl end its hardened shcU-like oul-cr glume proLcfding die eecii bidrlon 
in the hollowed stem, or rechia, ia In these reapeets more higliJy 
speciali?!cd dian the car of com. Tlinti, loOj maijse flowers in tha long 
day^ of summer itnd is inacnaitivo \o aiteradoria in the length of day. 
whercaa tcosintc k extremely responsive ki day length and tlowera 
promptly when subjected to a short period of diijligtit. 

Given a parent which VimulJ bring into a hybrid some of Ih^ ebar- 
actom pos5i>ssed by make und not by teoaintc it would be po^aible to 
derive maize within a prio<l of ibue audi that the interferlility of 
dm hybrid derivative with its parents was not hy^i. U would also 
be piwsihic to accoiml for some of ihc chmmtisome nioq>hoJogy and 
would explain iha great vs nation «nd unstable germ plasm of corn. 

I ndoubtedly cotn possesses many characters that rdato It to the 
sotghniJi tribe, nitmy more in fact than any of its rdstives^ but Llio 
possession of theee obvioua alflnitii^ with the J^JllI^opogoneael doia not 
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estahliah a pitrent and offspring relRiioiishJp. Thesis two great tribes 
of grasses ara clearly related, so that for the members of one have 
Eome characteristics of the other b no more than b to be cxiwcted 
bvclh though the reietiooship is diatantH 

The chief cjbjeedim to the origin of com by the hybridisation of 
its known siiid relativ^^ with some other grttas lie* in the uncertainty 
of what grim constituted the oLlier piueni. The sorghum tribe la 
niade up l^ely of Old IV'orid grasses, none of which were known to 
have been introduced inlci the New World until quite recently. So 
far as is now known none of the members of the sorghum tribe has 
ehromosomes that resemble those found in inmr,ej though tlic two 
tribes have identical chromosome ni.im!>cra, h'urtbcr attempts to 
hybridize com and fiorghmn and soigjiujii and teoainte have failed 
repoatodly. 

This f^uro to obLRin byh rids f however, muy merely mean tlint 
the proper conditions or Uif pit?.per parents have not been tried 
Rypothoenting an unknown parentp is not greatly difforont from con* 
eluding that mai 7 ;e developed from a wild form now extinct except 
that it does not dose the dwr sc# effcctiveJj against the posibility of 
recreating JUiiiM. The time factor required to stabilize the hybrid 
and distribute the fiiiisbed product throughout the Now World would 
probably bo somewhat less tlmii that required on Lho rejected hj'po- 
Iheeis of major mutations biU either would require a very long Lime. 

Aside from the fact that it begs the queslionp the lielief that mitixo 
was domesticatefl from n pre-ni&iso species by selection leaves wholly 
iinexx^lained the interfertility of tnru^c and teoedntOj if the rdarionship 
of tliesft genera is so remote they would apt he expected to produce 
fertile offspring when crossed. It also has all of tl^e defects of the rnuta- 
tion theory in respect to the lack of evidence of prmulive uiai^te in 
the earliest burials. FiLrliiPfr toodute so far as tested soema to bjivo 
alleloinorplis of the ideulified goni^ of nurizo. In some C4iae9 not only 
are too dominant alleloniorplLs of the maize genes present in toorinte 
hut they arc nccompanied by tnodifying genc^ and in other cnaea 
teodu to poseessi^a genos recessive to those donunan t in uidzo. Clearly, 
tiie raktumabip of the*e genera h intimato, hut whether they eland 
in the relation of parent ^md offspring cannot now be dotomiinod. 

If toosinte and maize aro on widely different branches of the corn 
fttjniJy iroe, as too hypoLliesis of the development of corn from nn. 
extinct cofuiiko fmecator roquire^a, it would be expoctod that hybrids 
between tlie two genera would he intorniediate in nalura. Genoa 
which in tnako have e clear-cut dommant and iwesaivc raactiou 
should behave ns interniedmtoa witoout dear-cut dominance when 
muted with their dlelemorpba in teofsinte. This expectution follows 
from the explanation of the origin of dominance through the acetmm- 
latioii of genea tending to tranafomi toe intemiediate condition 
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exhibited in organJjsma hetoroxjrgous for mutated and xmmutnted 
genes into that produced by the most favorabie gene eooibtnatioD. 
Thus, if A tail plant mutated to a short one and the com hi nation of 
the two was intcnuedlata and less ravomble ttian Uie ahnrtj tlicn in 
time, through the gradual aceumuIjiLiDR of supplementary genes, short 
plonta would come to bo dominant to tall ones. If, on the other hand, 
tall was the fanorable siao then in tiino tall would become dominant 
and the two gcuce, tali and ahort, that in the beginning gave in the 
segregating generations n ratio of ono toll to two tnteraiediate to one 
short would give three tail to one ^ort. 

For selection to operate to aceumulata conditioning footors for 
nautated genea the two gens forma must be brottghl logoUier If a 
gene chan^ occurred within a species thb changed gens when intro- 
duoed into another ^>ecics where no such change hod taken place 
should give on intermediate first generation and exhibit a 1-2-1 
segregation in the second generation. However, if the two species 
were not ttidety separated and intercrossing had occurred permitting 
both epedes to accumulate tlie necessary conditiomug factors then 
the reaction shouid be one of cleor'^cut dominance. 

As U often the coso when promioiRg leads reach on impasse, a com" 
bbation of aU of them ofTeni bops of furthor progress and the origin 
of maize may involve all the proceseca suggested—^JecUoo, mutation, 
hybridization—and also an extinct plant having characteristics com¬ 
plementing thotic of tooeinto but not of sufficient merit from the stand¬ 
point of man to have enterod bto hU diet. By the accidental bybridi- 
KStion of teoslnto or soruo mutations of teosmta with some auch graea a 
plant useful to miin could result. This hybrid need not Lave occurred 
often but eelcction of the fluid gmn plaani resulting could produce a 
now cereal relatively rapidly. 

Even under thb combination of processes ranise standa na having 
been created and fixed boUnkalty at such a remote period that one 
and only one sort of malEo became established over the Am ericas 
leaving no trace of its iutermediate forma. Katuralty, if hybridumtion 
was on important factor in the development of maize, the center of 
origin waa very circumacribed, for presumably aucb cLanco hybrids 
were not of common occurrence. Under this limitation the new hybrid 
may have been fashioned into maize rapidly by meona of eeleclioo 
without starling n cbfiin of diatribuLion of pro-maixctike plants. The 
distribution woidd not have bi^n or would not have {{one far until 
the main characteristics of com were fixed. Tliia would accord well 
witli the evidenco on tlm diatribiiUon of maize. 

Whatever oxplanation is finally proved to be correct, everyone 
agreoa that in tbo form we know it today maiae is the result of man’* 
ekUlfiil dTorts. Whether it was derived from a hybrid, an extinct 
plant, a mutation from teosinte, or by orthodox adeclion, generations 
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of ftad of plimt geniiia went into il^ formation. The Amemmn 

Indian moldod his plant material to a bifher of perfection than 

(bo plant donioeticatom of the Old World did thoir cmds, posaiblT 
hecanao hia intoreat^ not dividcKl between plants and animal&p 
Whato^r the secret of his auccoast be created the worid'a most b^Jdy 
developed grain^ and that bis teak was wd.1 done is proved by tlie 
wealth added ammallj by bia creation nol only in Iha New World btjt 
in the Old World m welL 

Since the occupation of tlie American by the Earopeatm no r^td 
change has been made itt com except to discard the gaudy coIdts of the 
seeds and to establisb a groatcr unifornuty by the pmcrviition of the 
boat of the Indian’a product. Tmoj the dent typo of com which form£ 
the basis of onr Cnm Bdt varieties probably has arisen ilirotigb hy¬ 
bridization of ibe flint and gourd ^oed (y 7 >eei the latter know^ to the 
ladhms as She com^ We have not even modiGed the Indian^a ctdtuml 
Byatom of gmwing Lhe plants in hiUe Ibougli we have adapted hk 
system to our nmehinea. 

With the stimultts to experimental heredity tlial come at die b^in- 
ijing of die cantuiy, on the Tedi 3 Covefy of Mcadal^s principles^ com 
rapidly assumed a leading role m e subject Ideally suited for the study 
of inheritance in plants. 

the Indinn creators of com anticipated aiich studio they 
luirdly could have fashioned a more astkfactniy plant. Contiollod 
polUnadona am made with the greatest of ease because of the si^pam^ 
tion of tiic sexcdi ibti complete rfTceptivenesc of the etigmos over Uiclr 
entire lengthy tuid tho vttat quantities of pollen produced hy a single 
plant* Common grocer^s paper bags and string are the only really 
essential tochnicd equipment necefisary to embark upon tlie fascinat¬ 
ing analysis of ttuo Cmnsmissioii of Lroita from one genemrion to the 
next. Or coursCj fhe experts have added frills to thia equipment 
chiefly os a moana of labor saving in Ltie interests of greater Bpoed and 
better contitillod pollitiatkiDs. Not on\y k (ho (odmio of crossing most 
simple but the number of oflBpring obtained from a single poUiiintion 
rcocUea os many m a thousand or more, • ^^ry great advantage for 
Btudies of this nature. 

Added to the advantages of numarous olTepring there is the ad* 
ditjona] faature that tJie seedt come suppUcHii wirii numeroiiH roadily 
classified characters to which may be added a host of seotflUig inuis. 
Tho po^ibility of obtaJoing numerotis pre^eny from a mQ|de mating 
embradng many readily dassifiod diaructcrs alniMt offsets tho one 
graat iLisadvantage nf but n single generation in a year. By the lime 
the clinracters already awaiting study had been analyzed, tho amaring 
com plant had obligingly provideft u bust of now mutations until at 
tho present time tho inlioritatice of some 350 genes is known and the 
end is not in sight. Tho flexibility of this plant is nothing short of 
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astounding, imd eaxii y^ar finck mors nmiatioo^ awaiting anoly^. 

'Die heritsbls unita thus far studied affect alt piu'ta of iha crgamem 
ranging from genes (hat exhibit their reset tons only in the pollen 
grains, through seed and seedling characters, to those that alter the 
imtire plant. Thore are genes that chaitge nil the feinalo dowers to 
males (pL 30, fig. 2)^ oUicth that rsvei^ this procees to the same end 
and change all male dowers to females. Otlicrs undo tlie separation 
of tlvo eexea and make the plant perfect-dowered. 

Hiese changes, interesting from the standpoint of hore^Utj^ are 
ako of interest in view of the imeertain antocedonts of com. The 
poseeseion of numerous genes that prefomidly modify caprosainn 
su^eatB that mali^ may hava^ not far back in tia descent, a perfect- 
do wared ancestor. From existing knowledge of inheritance it has 
been possible to create true breeding sirams having male and fetnele 
plants in equal numbera and eu]mblc of ^ir-perpetualionp It k also 
possible to denvelop a perfect-flowered form of maiae with the seeds 
borne on the f amiliar teasel instend of on an ear end which, if com¬ 
bined with some of the genes for dwarf stalks, wonld produce a crop 
that could Iw harveated with a combine just as is wheat or thc^dwarf 
loTTus of grain sorghum. 

The pomibility of improving upon our heritage from the Indians 
is very real and is comoumeUng Ihe attsntinn of on activejgroup* 
Even now, througli the atimillation derived from a purely thocirctical 
extension of our knowledge of mhcritance, hybrids for siirpnaslng the 
beet varieties have been obtained and a system de\Haed for Iheir com- 
Eoercial use. That the future holds even greater thin^ for com with 
the increase in knowledge of gene mteiactioD is a certainty^ 
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Tim EMERGENCE OF MODERN MEDICINE FROM 
ANCIENT FOLK^\4YS * 


By Wai.t®e C. Aevami, U. D. 


[With I 

tn eU (uAtten relating to dttnae^ credulity rematni a 
IfcTTautieDl fact, uniniluenoeid by clvfliuUou or cdueatkm. 

Sin tt'u. OoUEb. 

Some time wUen I t>eeni] to arrange the notes for this tec lure 
on ttiO emGrgenfMt of modem scientLGc mediemo from the folk ways of 
tlie past, the reoJiitaitioa gradually came to me that it haaii^i yet 
qaite emerged, and that this fact would Imve to be taken into neerjunt 
in any diBcnssion of the subject. What I came to see us 1 looked 
about me more thoughtfully was that oltliough in its achiewements 
andin ite promise for the future, actentific medicine has immeasurably 
ouldiatanced the folk medicino,^ faith healing, cult medicine, and out- 
and-out quaokety which baa alwaye competed with it, these competL- 
tora, which one would Hdule might now be ahandoneil as supedluoua, 
still Sourish in tlie land, and etili maiotain their original hold on the 
affections of mankind. 

As 1 shall omphitake later on in this lecture, a saTuge oommunity 
usually has two types of medical proctiUoDcr: One, tlie witch doctor 
who cures by incantation and ceremonial and jill^lery, and the other, 
Uic herb doctor and bone setter, who, according to Ida tights, prac¬ 
tices much as does a twientific phytician. Among (he savages the 
witeh doctor is iisiiatly licld in lugher esteem than is the iierb doctor, 
and so also in tlie supposedly civilized parts of (lie world tlie quack 
often pulls in the crowds acul waxes rich while tlie less Bpectaculor 
but well'traitied physidan plods ou without tniich acclaim. 

For iustonce, a few years ago in the environs of Peris, crowds 
flocked le the booth of a man w'ho was scliing herbs to the acoompnni- 
nient of an attraotive and plausible lino of potter. Wien tlio police 
arrested him for practicing medieme witiiuut a license, they diBcovered 
to llirir atiEprise tliat he woa not a quack hut rmdljr a licensed ptiysician, 
ami they wrte still more eurprisod when he bc^cd tlimn not to reveal 

I Anrf lltlNvpu mMttlC al Ol* UimwOi C)»»par. Tuu K. im. BqiTiKtMl pontilutoit. wIlS 
am (dtmllioBi bt Ul* Vtthn, OutH Un sl«mi li qvirtali', n1. H, a Sn^UiiDbsr tna 
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this fw:t> Aa lie said, if bk custfimere tsexe ever to heax that Ii* waa 
mn jiLTskiaii tLpy would leave liinii add he woxdd have 

to go bw-k to poverty. 

MANY PEBSONS VOTE FOB QBACKEBY 

Id States wliich use the uudattve and the reterondum, the people 
commonly vote down Uwa dosjenod to debar ignoramiuipe from the 
practice of medicinoj and Bometimes they will go even further. Thitp, 
in a certain city of llik land, when a wealthy man presented the citi¬ 
zens with a much-needed hospital, they accepted tiie gift witli tbo 
donor’s proviso that the place be maintained always as a cln® A 
inHtitutien, that is, one in which only reputable and licensed physiciaTis 
ere allowed to eee patients. But soon the few bact-monipulatoro in 
town were protesting volubly tliat as taspayere thoy hod a right to 
practice in the city hoepittd, and so the people went to tlie polls again 
and voted to break their covenant with tho doner and to turn the 
building over to the bitek-robbers. Hence, when last I bed news of 
the ait-uadon, the regular physiciims were out, and the town was back 
where it was before, without a aalisfactoiy hospital. 

Actually, the prcacncB of this latigB group of people in some com- 
munitics, unapprerdative of, or miUtontly hostile to, eriontiiic modicine 
makes it impoBsiblo for benltli ofRcors to atomp out diseases such as 
smallpox and diphtheria, agaiust which, for years, acieiice has offered 
adequate means of protection. 

MANY GO TO IBRECrhAR rRACTTnONETl3 BECABBE EEGULAH 

medicine failed to help 

Now 1 know that there bto severai rea-ions for the great faith many 
peopio have in irregular practice by poorly trained and inexperienced 
men. 1 hate to spend time now in taildtig about these ronsons but I 
fear that if I do not axploin why I am not impressed witli the curea 
worked by imsgular practitioners and why 1 do not favor the lican- 
Btirv of such men w phyBiclans, somo of you will think mo hopclesaly 
hiosal and intolerant, I fod myself somawimt in tlio position of an 
ostronomor in id tod here to describe the emergence of modern oBtren- 
omy from ancient astrology. Knowing that many of you heliova tn 
astrology, he would not dare to speak disparagingly of it without going 
ou to explain why ho thought it n form of quackery whicJi aliotdd have 
boon loft behind in the dork ages. He would feel all the more like 
ciring this oxplanalioa if tha present-day belief in astroloEy wore 
hampering tho development of astronomy in the great observatories 
of tlie world, mucli oa the widespread faith in quackery is now blocking 
rhe efforts of healOi ofEcere to eradicate discaae. 



iSMEltOKNCK OF ^^IGDrilN AT.VAltKX 4|£ 

l^i^rhaps Kite maiD reason why quoi^kety tbriTta today b t-bat there 
Ar« still BQ m&Dj diseases which the scientific phj^ciau caimnt euro. I 
feel confideDt that eventually many of theso will |>o cowquercilj but I 
doubt if mj profesaiou will ever bo able to make over ihoae niilliona 
of poor, broken-down man and women who ei^r iuherited bodica and 
Rorvea too frail U* ataml up to the airain of life or else had buideiia laid 
DR them heavier than they could bear, Thtwe people Llirnng our 
othcaa every day l^eggin^ for helpi but m so mimy coses “the con tractor 
tmt iti poor materiahi/^ and the only way in which one could hope to 
work a cure would be to begin with a differeut act of grandpareuta^ 

Nor can the physidan yot replace defective or worn-out parlai or 
parts already deatroyed by diocasOf when the patient comes for help. 
When a fire iu a big <^otllluit bums out aoiiie wiroa, and parij of a 
Lowm is hti In darkucaa, doam the mtaiholcs go die linemen and soon 
new w'irea arc lining'. But whm the^ poiiion uf mfnutile pandysia has 
eaten a hole through the cable of ncrvcfi aiipplying ibe leg munclca of a 
Utile l>oy or girb there is no way in wdiich the neurologist ciiu get Lu 
and repair the damagCr and no one who knowB w^hai has happened 
w^ould thluk of proniiaiQg the pcmCi worried parents a complete oiire. 
Much tliat is helpful can be done by an e.\perb ortbopedistj but ho 
cafiuot put back the iniurcd nerve colls. 

SiuiSarij, the phyBician cannot take oat grandmother^ creaky 
knees (vnd sajp Uke an automobile repair ujan might do: “ScOp there, 
the rubber cm^hiomi and the oiHng system arc t^raciiceUy gftue anti 
the surface of iha bone b burred over from much just as 

in the cssc of on old chisel* You^d better let us get you a new pair of 
joints from the factory I" 

Some day surgeons may bo replacing such piuta, because already 
they have developed the necessary tedmiquos^ The only reason why 
they are not doing it nmv U that as yet rratedfeh workure have not 
learned bow to keep the transplanted parts from being digested Jiway 
by the blood of the redpieiit. But Dr^ Stone has made a hopeful 
a tort toward overcoming this difficulty j and flventually we may be 
putting nt'w tdducys into the patient with Bright’s di^ose^ and per- 
biijjQ even n new heart into the man whose cardiac arteries have begun, 
to plug up witli scar tissue. 

In the uieantime^ the huge army of the weakp tlie the payehn- 
palbic, tho crippled, and tlie Riling will ever he uu the lookout for a 
worker of miracles* Aitd one rannot blame them: They are dosporato 
and ready to try anything ducd* They and their loved ones will 
fiiw'aja- be acanniug the horizon for hope, and they will always he 
ready to apoad tho last penny of their savings on a journey to the 
homo of soDxe new' wonderworker* 
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ANNUAL llEfH>RX SSUTHSONIAN INSTITUTION, 1037 
MTIV QUACKS OFTEN APPEAR TO U'OltK MIRACLES 

But Bome of you will remind me thntsometimw tlie quack does cure 
after ablo phy^einna bavo foiled. Anri you ore right; I have seen 
this myself, but no one who knows anythii^ of quackery, or htmtan 
suggestibility, or hysteria, or the tendency of most diseases to let 
up uitliout any treatment at all, is erer going to conclude that simply 
because a man is curing aome people and is gathering cr{*wcla on his 
dooreUip he ia n good physician, and his system uf practice is u'ortlj 
LuTcstigating or imitating. This statomenl will doubtless seem so 
paradorical to some of you that probably I should digress for a moment 
and explain. 

PATIEKTS who CANKOT APTOUD to OET WELti TOO qFlCKtT 

Occasionally 1 sec patienta who 1 feel sure could be cured tnore 
n ntrtly by 8omo fipoctjiculflr form of quackciy than by niy prosaic 
brand of pB 3 'rLotbcropy. For jnatance: During the World \Var a 
voung man’s busine-^ neceasdtrttcd liis trsA'cliiig back and forth 
through an ocean Infested with Gemian submarines. Me went 
without proU'st, outwardly brave, but inwardly terrified. One day 
in Europe everything Avent black, and he returned hoiiie stone blind. 

From the miniit'C when I first saw him I felt that tlie blindness must 
be Jiysterical in nature. A man can hardly aasociato witli the eirk 
day after day for 30 years without learning the significance of many « 
little telltale idgii, and as I e.'tpocted, when I told liiiii I thought be 
could Iw cured he allowed no entliushuun and souu deported. 

loiter, ns I thouglit tlie problem over, I sao* that I couldn'i hope to 
cure him with undisguised psychotherapy because if I did, tills would 
leave him tn on embairaBsuig situation. It would expose bun to the 
accusation of having been wither a fool or a coward or a cheat. No; 
be could afford to get well only in somo spectecnlar way, and I was not 
at all surprised some moiitlis Inter, w*h«*n I saw by ilie papers that tm 
irregular prMctitioH€»r had redvieed a dialocatetl vertebra in the neck, 
a vertebra that hml been prising, so they said, on the optic nerfoa. 
As you know, these nerves do not go unywhero near the neck, but no 
matter—ilm fact appears to have been tluti the patient's sight was 
inatiuitly restored. 

Now imagine the effect of such a newspaficr report on the minds of 
blinil men and women cveiywhere: they who have gone to many 
oculists wi thou I help aii« 1 without cnco urogemont. f t oull immediatel j 
occur to some of thorn the L perhaps they, too, have a displaced vertebra, 
and it certainly wouldn’t hurt to look. And so tlmy borrow what 
money they can or draw nut their Uttic savings, and off they go to 
ace the new miracle man. The end thing is tbiit In 09 such eases out 
of 100 the eyes ore hopelessly damaged, ond the poor blUiil men nuipt 
return homo even more discourugtrd than he was liefore. 
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rHJlSONAUTlE^ THAT UEAL 

Oft^n tho jpur^jj wUcn it does conns frojn an irregnlar pracUcioncrf 
h w'orked not so niuch by tha niRsaag^ or the maiiipiiiatioD fia by the 
inBiianco of ajs nnusnai and commandbig pci^niility* A few montlia 
ago while lunching at a eltih I coultin^t taJea my cyc^a off a bigp tall^ 
striking looking man, with piercing black eyes, long black hair shot 
with gray, and a stnmgely niovitig^ deop and musical yoke. I ajiid 
to tJie frienda with me^ ^'Wljat a wondp4fLil quack he would make”* 
and tt^cn they told me that ActiiitUy he was a sort of faith healer, 
Hs wiia a preadier wdio, having tlkcovered one day dutt be had the 
gift of healing by the laying on of honds;^ liad gone over into the practice 
of medicine. 

Actually, all great physicians seem to posaass Home of this ability 
to inapiro sick potsonj with coniidonca and hope, and to lift them up 
nut of a bog of worty and fatiguing tlioughta and onto the road to 
health, 

cuBEg po NOT juanrr a quaoe 

1 have already aaid* tho fact that a licaJer h besieged by hordeo of 
patiante, many of whom depart ain^ng hU praises, does not uidioate 
for a ntomeat that hiB methods are rational or worth using by other 
men- In tlis Iiand^ of the nest man tl^ay may fail utterly, and for 
tliat matter^ they usually full after a time even in the hands of tlm 
originnl user- For this reason nearly all forms of quackery have their 
day, and then they loss ground and dlsuppcar. 

Parkins' —Thus, toward tho close of the eighteenth centiuy, 

ElUha Perkins, an American physkianj wua curing dtseaso right and 
left with two little, suppnscdlj* magnetie, piseca of metal called trac¬ 
tors, lie did so well that even George WaHhbigton got a pair- After 
Elisha died, his son took tho traetara to England, whore Lso nnide a 
groat etir and enlisted tlio support of the nobility* Unfortunately far 
hini, the famous Dr. IlRygartii woa skepLlcaJ. Firat lie held clinics at 
which ho demonalralef! how putienia lost tiidr pains when the effected 
parts w’ore strokcHl with tho tractors. Then, when everyone was much 
inipresnyl, ho took out lik jj^nknife and cut tho sitpposed magnets in 
two; they wer* imitations made of wood. In the reaction that fol¬ 
lowed, educated England laughed, and PorkiBB left for home* 

In Madridi a. few years ago, an unlmportaui phyiuciiui 
named Aauero announced tlmt all diseases weri? due to trouble in a 
little uorve in the nose, and surily ciimblc by local treatmsjitflr Tho 
idea caught on, and soon there wa.H a line of people on the sidewalk 
each ziKiming W'aiting to get into bis office, commonly happens 
with quorkn, tho wealthy and the aristocratic mado much of Idm, and 
in 2 dr 3 years he acenmnlatod a large fortune. 
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Then, appfirentlyj lie rexk out of iuckora, tnd with nothbg ^ 
loft for Italy to see if lie could Btart tliore nd over again. But the 
Itttliaua did not take to the id&tij and when iMt I lieond of tlie man no 
Lad failed to Mt going even with tha LeJp of his old prwd^, hifl wemt. t, 
and Uio support of some dukes and duclussos. His imitators also 
faded. Some of you may ask: But didn't the method have eoiae value? 
Yea; it was nothing now, Noso epocioUsta have used it for yeaiUf and 
with it haw helped occaainnn] patient® with Lay fever and headache. 

Mhert jitretm*.—Another typical story i® that of Albert Abram®, a 
licensed pbysicion of no great reputation in CaEfomia* For yeare o 
promoted a echeroo for curing diseaM by pounding the spme with a 
Etilo ruhlwr hammer. But the idea never took bold, and until be 
wii® about (W, Abraoifl had only a mediocre practice. Then one day as 
he sat luokiiLg at one of tho fiiat little radio act®, he got an idea Uiat 
was aoon to bring liim in a million doUaia. He took a couple of cheap 
TBsiatanco boxes and an old Ford spark cofl, hooked them toother m 
the silliest way, and annoimcod to the world that with this magic 
detector he colild time in on the rioetronic vibrationfl coming from ii 
drop of blood and could tell exactly what dis^ the patient was 
sufforing with. For good mOBaure be would tell if the sample of bl^ 
come from a Chlooso or a Jew, or from a PrtsebylerUn or a Cathojiol 
Just a® earily he could connect the patient to another silly box of wirea 

and tune the disease right out of him. 

To people who wen? just beginning to realise what marvels the rodio 
tube could perform, thi® ali sounded bo raasaiiable ond ao up to date 
that tbousands flocked to him and paid £100 or more to sit for awhiie 
bolding onto the end of a wire out of which wn® flo^ng—absolutely 
nothing. Many felt that they were cured, and writers tike Upton 
Sinclair, who swallowed hook, iina and sinker, wrote article® arcumug 
the Isadora of the medical profession of narrowoGBs, backwaidnea®, ^d 
jealoiiBy, and an inabilitv to rocogtitM geniu® when tlioy saw it. The 
fact that Professor Millikan, on the witnosa stand m a nialpraciico 
suit, Bworo that bo bod examined tha matrumflnta ^d that, they 
couldn't possibly do what they were auppoeod to do, did not acorn to 
dificounige aiiyono. 

And then Abrams died, and without Lis frequent fltarthng pro- 
nounooments, which had Horvod to keep hia name in tiie newapapore, 
hi® diadple® found (JicmBelvea with but few patienU, and most of 
theni ware compelled to shift over into some other bettor advertiaed 
and more popular form of quackery, 

SEtr-UHtTEn nisfiasEH 

But some of yon nuiy a till he aaying that you know of a man who 
VftiM Ivin^ fit d^fith^a door finely ftitcf tnjftimtttit hy some irropulitr 
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prttctitioaer, well, Yoe, iLis bappetie ell Uie iimo anil vei it 
tiaualljr proves AoUiing. Many b Ute time Uiat 1 bave TOcdviKi groat 
credit for cures wiiiclt I know good old Moiber Nature tiaU mure tu 
do witk tbfin L 1 can remember one of tbe lucky breaks that I’anie 
to me when I was a young man starting out in tlie practice of medkciDe. 
A man lay 111 with pnoumonia and, os usually happens in this diseasci 
cadi muniing of the first week found him worse. Not knowing 
enougk about the disease to expect Uii6» tlie wife became convinced 
that the nice old doctor in aitGadouce did nut know bis business an<I 
dismissed liim. i was then coiled and 1 bardy liad Lime to change 
tlie medidnes boforo tbo cri^ came—and my reputation wits madet 
I tried to explain to the peopto tliat tliey must not blame tlie old 
doctor because in this cuss the pneumonia bail run a very typical 
course to rocoveryi but they thought I wss just trying to be modest; 
and Eo linally 1 gave in, and said no mote, aalTing my conscience with 
the «>n\ictiou <Jiat sooner or later 1 would get my diare of di^ace 
perhaps os uitdeijerved aa was my present credit. And flO it bappeneit; 
niy neat patient with pneumonia did bo badly ibat 1 was dismissed ; 
the old floctor waa called in shortly befure the crisis caiuOj and thus he 
gut even with me- 

Now, you may smile at all tliis, but just remember that such tilings 
commonly happen when next you bear of a case like tlie one 1 will 
now describe, A nationally known educator bty ill wiUi poeiimonia. 
The ninth day cama and no crisis; and, booauae the phyaiciona in 
attendance looked anxious and shook tbdr heads ominouBly, the 
family diflchatgod them and called in a back-adjuster who only a abort 
time before bad licen a bathbouee attendant. Next day tlm crisis 
came and, for the rest of bis life, tbatdiBtinguislted college piufeasor— 
who aboidd have kuawn better—extolled to bis friends tlio virtues of 
s certain cult end tbo skill of a certain ignorant but pleasant and well- 
menning man. 

Curi rtg a ditsoss lAoT vosn'r tiaart. —Or hero is the fairly common 
story of another type of casern which ibeuregularpracldtloncr triumphs 
because dtlier he or somti good physician diagnosed wrongly. Tbo 
case is that of a very wealtliy woman who wae operated on years ago 
for a tumor of tlie largo bowd. It looked so much like an inoperabla 
cancer timt tlie famous surgeon in attendance diil not attempt u> 
tomove it, but simply motle a bypass around it. letter, as more 
axperiouce came to him, be realised that w hat he hod soon was not a 
cancer at all but only on inllaijitnatury luiiss Lbat weuUI probably dis- 
apiiear after the type of operation Lbat bo had perfonned. But in Uu) 
menu time, tlie paUeni bad gone to a faillt healer; and when ycaiu 
passeil anil sbo renmintHi well, abo built for this healer and her faith 
s booutifu] church. .iVlw'aya, then, when one bears lliat some healer 
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cured a it h wdl to rmn^bcr the possibility that the 

dU^ods WAS wrong. 

C\ifc9 that won't Mxrrt And here b jet tknoiiier typo of case. 

Recently 1 saw a woman w^ith severe tirtliritb> She told mo that £ 
yeara before^ when the disease Srat flared up end put her in a wheat 
chaiTp she went to a quack w*ho cured her witlj the help of an herb 
lea. Nattirallyj I asked lier why she wnaii't back taking the same 
treatineni again^ and her answer tliat slio had gone but tlmi tlm 
lltue the tea wouldn't work. The chaiicca firo^ thoii} that the flrst 
spectacular cure waa not a euro at all but onij one of those apontmioous 
reuiiBSionB which are m conuuon in the course of a lifdong disease. 

THE l>irFlC[JLTIli3 INVOLVED IN JUDGING OF THE VALUE OF A 

TREATMENT 

The arorago layman has no conception of the pitfalb which lie in the 
path of the man who would appmbe the value of some particular 
treatment, especially for a self-limited dbeaso. For inataiKo^ last 
October some of you doubtless took “cold shota'^ to protect you tlirougli 
the wmtor, U when summer comes you are atiU wiliiout & cold, will 
that prove that Uio vaccine was helpful? Not ut all; you may be 
delighted a-ith wbafe secinia to you a tniraelc, but I can a^ure you 
that the reports of dozens of such suceessful eases mean nothing to the 
medical atatbUcian^ The only way in which to loam anything 
definite about mdx a treatmont is to do aa the Metropolitan lafc 
Insurance Co^ did several vearB ago. They took, as I remember, corce 
5,000 of tlielr cmployoes and vaccuiotod half of them, leaving the 
otlier half to servo as what wc physicians caD a “control serios.” Ac 
the end of tlie year they checked up and found that the 2,&0D who 
had been vaccina led had had just as many colds ua did those who 
weren't raednated; tlie only dilTercTicc was Iti the severity of the oolda, 
the vaccinated men and women getting back to wwk on the average 
Be vend days sooner than the others did. 

Sometime ago, Dr. Diehl« of the Univemity of Minnesota, made a 
^pleiuiid study of colds among the students, tri'ing out on bundreda 
of them several of the drugs that are eouinionly used in tiiis dtaeasa* 
lie found to hh surprbe that one out of evety three colds cleared up 
in a clay or two witlinut any treatment nt fiUi and oiherB dearod up so 
rapidly or ran so mild a course that it was impossible to eoy whoihcf 
or not the rcmi^dy given hsd anything to do with tlio prompt recovny. 

No wondnr^ then, Umt practically everyone tlnnka he can cure a 
cold. Ilasn^t he cured many of them with Ids pet method? To bo 
sure, some of the colds trestoil Eiung on etublioniiy, but following tlia 
ronvouioDt rule of humankind, ho forgot these and rememlH<rcd only 
those which he "curedAnd if he, who has had no training in 
medictne, can imve had such EqjU-iidid succeea in Ida little practice. 
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wbj sUauId anyone) httTe cUlficiilty in IxslieTmg ibat other uneducated 
persona can euro diseaaOj oojieoinllj when they inherited sojne 
ekU] or sonio secret formuta^ for powerful remedies? So why 
shooid tliero ho all tliis ilemAiid tliat phyeiciene be educated mon? 

Actually^ it h only the hi^ily educated physician who fiuda it 
difilcult to take ecrioutily the pretensions of heaJoni who have a[>ent 
only ft ye^ or two in n low-grade redie^o; he done know^ how hard it 
ifl to practice good medidnr even after half a Ufetiroe spout in study. 

CELfEF IN TUT! WOUCULOCa IXCULCATEB IX EAllLV LIFE 

BtiL tliere are yet other reasons, and v^ry strong ones U} 0 , why all 
of us Imk for mimclea when it comes to the ireatnient of diseasep We 
may have epent 4 year^i at colfege learning tha-t tlie imireiee m nm 
acconimg to immutabie Uwh, but tLiioiighoii.t our yoiitiip and almost 
Efoni tlio moment that we could iitidersiand s]iecch, we were taught to 
belii^ve stones of mimculo^ia suspensions of these lawBj and w o w ora 
urged to ask daily that euch miracles of protoetion be performed for 
us and for our ioved oneg. 

I^irthermoro, in our daily conrncm witb the people about ue and 
wiiii liio world of books, we absorb, wiUy iiiUy and unconsciously, 
muoli medical folklore which inovitaUly bas an influence on our tldnk- 
mg and our behavior^ And if it in^uenoes tho behovior uf an educated 
m&n^ how niudi iiiore must it dominate the iliought and the bebaviur 
of theiguonmt and the natiindly credulous? Kone of can escape 
it. You sneeze, and some old person Uiiar you sayS| **God bleiae 
you-*"^ M hy did olio do that? She probably does not Imow, buL her 
uncestoFs in Kurope could have told ue that you sneezed bocause a 
little devi! waa just LhcJi entering your hotly with evil inieiit, and 
when your friond called upon the name of Godj that devil had to get 
out hi n hurry* GncorufEcioualy, you to the same idea when 

you say, “I wonder whal pogse^ed nie to ilo that?'^ or wonder whut 
can Jmve gotten into tliat 

Or let 11$ i^uppnsc thatp without thinking bi tbno to stop mj'self, I 
nuniirk to my wife Unit it is alnioat a year aiuee I Lad a cold, 1 
immoiJiiitoly nip w'ood, hut why? ActuaUj*, ou looking this up in my 
libraiy on folkiurD, 1 found liiaL J do uut do il right. I really should he 
pouiidiiig hard on a log azid umking eo niuch noiau wliile 1 iini 
bragging (iml Ujo devil will not be able to iicar me and to say, *^Watch 
mo and aeo lioiv I take that cocky feUoiA' doW'ri a pLtg.” Now isn^t 
that fliliy, and yet I keep on rapping wood on every appropTmto 
occaaiuii, just tiecaneo it makes me fee] safer. 

Hut yon can't laugh at me becauBo you have your own pet superetd- 
tioiiB. Perhaps you haver a horseshoe over the ham dwr to kwp out 
the elves that wauld ride the horses all night and aiokeii the cows aiul 
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poiisoii tha dium- Or hi us iuppo^ Uiat you start to pick a direr out 
of your liiigtir wiUi a pin and your gnmdmother ostohes yon at it. You 
know^ that efaa will inskt that you ub^ n. nemllo. But why? For 
20 yeotra I Imve boon Baking pundmotbors that question. They dl 
agree that ono must \Me iron and not brasa^ hut the two lanie expLana* 
UoDB which they giro can eaeilj be ahown to be hiaile^qitale. I 
searched for y«4irsi through the literature on folklore for mionimlion 
on lliis point until at laei I Ivecazne conymcod that the origiiitil rezu^n 
was ttiat if iron is used it will keep the wicked elves away the 
wound just as iron over the door ^ih keep them out of the houses 
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taa UbwmttDn tmtn Um Sltitto rvupnnim iftanw tinw* h |il» M Hi* jUtwHa ctupiTjp 
flnntT that frill took noam^ aCfipivlp uri «|ilU b* «ft Wl IxUajP«itiova & ibJa lUuitf*- 

Uao. 


When you use a braas pin you have no proteetkin, and the wound imy 
fester. 

But some of you may ask: Wliy should tiie iron protect? Briefly^ 
it k because the elves and die old gods and demoiui were very consorvu-* 
tive; so much so thai for tliouaands of years Uiey clung to tho use of 
the old chipped Qint axes and knives of our oavo-dwoUing ancostoi^. 
Eventually they got m (hftt they could toliimite bronze, but oven yet 
tlioy ciLonot abide nor oven go near Uib newfangled iron which came 
into use about IQW B. C* 

Or, let us suppose that todays as a young mother silo trimiuing for 
tlie firat time hor buby^s nailst tbe groiidniotJier comt^ in, Wiiy 
w ill ahs be so upset and why wLU she perh£»[>s gut down on the rug and 
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pick ap all the little paring^ 5<> aa to 6mttoy them in the firt^T Why 
will aho say that for tLe fin§t yotir of the baby's life tbs n^la must tio 
biitun oflf Afik bar and abo wtli probably say tkit if Uus b not dono 
iJie baby will gro^* up to bu a iMpf or it wilt eickai and ciio. But let 
us ask tlia oSloia] nail-paiing swallower of a Madagaarjir chief (I Iioto 
read in iicientilic treatises that tbeie b aueh a tniui) or iei us ask any 
savage nnywhm^ on tlie fiLoe of liio earth, and Eie will tall tia lliat when 
the nails are bitten off the pioces must bo awuUowed^ Jf they were to 
bo loft around^ and a bad witeh wore to gat bold of a piocis could 
easily »ay some spells over it, and disaster would soon come to the 
baby. 

1 never ecase marveling at the antiquity and the wide dissemination 
of srorea of tlic^ beliefs. For metante^ there are many poor homes 
in England today in wluch| if a child ts seriously ill, the gmndruolber 
wili want to adminbicr a skinned tiioniw as a metiicme. But why a 
motiBo? To find out wa have to go to Egypt where cadi year aa tlie 
Nilf^ subsides and the peasants go back to their fieldSj they find in the 
cracks in tlie mud em nbimd&nce of mice, lliey Hunk that these 
mice sprang fjom the mudt and therefore muet represent tm essence 
of tiie life-giving virtues of the river. Wlmt is more appropriate^ then^ 
than to savo a dying child with a medieme which represents life 
abundant? Azul now comes wliat^ tq my miml, b the most interosting 
part of the story, and thia is that when Eilioit Smith was studying the 
mummios of some little children who lived in Egypt over fi,W years 
agOp long before the pyramids were built, he found in each stonua^— 
a mouse I 

ANCIENT THEOSUJiS OF THE CAUSATION OF DISEASE 

Nowr it will he noticed in the examplea which I have given of present- 
day medical euperelition that disease is usually supposed to bo duo 
to the matavolence of the devii or of witches or wicked elves, or of men 
who know enoii^ of ih^ magic arts to summon heip from the powers 
of darkness. What is more natunUi tlienp llian to as&iime that lisalth 
b to be maintained by wariling ovi) in same magic or symbolic way* 

But whero did we get idoaaf I fed euro that we got Uiem 
from our mnoto beotling-hroweil aj;\eestoin who hunted the mndcor 
and the wiiolly miimmoth in the days W'hen tJio great ice slieets were 
retrentmg northward toward the pots. But someone says: How can 
anyone know what those ancient savages thoughts Well, wo cannot 
know for cortam, but bore and there in the few remaining wilderticssos, 
ojipIoroiB coma upon man who hva in a stune age very similar Uy that 
of OUT mjciont iinoostors, nnd always these men nre found to have 
about tiia some idooa in mgard to dkea&e. Never having heard of 
germs or high blood-prcsaiire or hardening of Llio arteries, it never 
occurs to them that a man might die of natural cauace. If bo wasn’t 
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injiircd in. an acadont or mmiled by on enemy or a wild beast, then 
Lo must have been bnmed by witcUonift or be must bavo cffeniiod 
some deity or broken some tabu. 

One of these idem lim come down to us embalmed in n word. ^ Thtw, 
when an old drops to the floor unablo to speak or to use his right 
Aim or lag, we phyaictans soy Uiat a blood-vessel in the brain baa 
eitlier ruptured or i>cen plugged in some way. But the layman says 
that it U a otroke, whicb implies that Ood was angry and reached out 
and struck the man down, 1 never realised bow fully A college gradu¬ 
ate could belioTe tliis until one day when, aa I sat by the minister’s 
"wife, encouraging her to leam to talk again after a bad Cftrebral 
thromlK*^, 1 found tluit the endlessly recurring ((uestion in her mind 
was: ‘TSTierem have 1 sinned so terribly tliat God Imsatnick mo down 
in cruel way; why has He dono this to me who hove setned Him 
lovingly all my days?’' 

But to get back to the aavages and their ideas of medidne: Seeing 
that to them cUfleaso U due purely to the malevolence of gods and 
witches, it is easy to understand why their moat prized phydeiana 
are not expected to have any knowledge of tlie body or of siugeiy or 
of healing herbs; all they are asked to do is to find out wliich god U 
angiy am! why, or which witch is at work and w'ho is employing him. 
After tlmt they must know bow to appease the gml, or to nullify tlio 
evil cliarma of the wikb with yot stronger charms and spells. 

Tllf: TWO TYPES OF HKALER AND THEIK DESCENDANTS 

And so it on oiirtli ono discounters priuiitiTa 

people one is likely to find that tlie most respected aud most feared 
nuui in tlie tribe is llio witch doctor. Often ho U a sort of Poob Tiah 
who exercie^ the functions of physician, seer, propbet* priesl, sorcerer, 
master of ceremonies, and perhaps even king, bometuues 1)6 repre- 
sente the finest flower of the dovetopment of his people, ntid tlicn again 
be may be little more tlian a juggler and an assassin who will kill 
for a price. 

But what happens when a savage falls out of a. tree and breaks his 
legs, or comes buck from a raid ftith pitrl of liLs scalp hanging over 
his ear, or what is done to help the man who geta constipated or has a 
boil tliut mH.>ds lancing? Will Uie witch doctor iMithcr willi such 
small practice? No, that is usually bonoulh his nolicc, and iieneo in 
every tribe there Is onotlier kind of healer, a tnon or woman who can 
clean wounds and bring tlie edges together, who can splint a broken 
l«^ or pull a dislocated bone back into place, who can incise an abscess 
Or knock out an aching tooth, who can nmssagoatifr tiinocles or givo a 
sweat hath, and wlio knows the loro of medicinal plants. 

And here I get to Iho central tbeme of my discoum, and this !a that 
from the lime when man first stepped doa-n oul. of tlio treea and made 
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hiniedf a abose ax dovm to tlio present moment, there have always 
been, in every eommunity, two types of modicai practitioaar. One a 
beliercr in some siipeniBltirai or suuilarly unprovahle and resdy-mwle 
explanation of dUease ns a whole; tlte other, a student of the many 
dbeases as he linds them; the one disdainful of the study of the 
etructurds and workings of the human body ; the other a deep student 
of thffio sciences; the one troating by means of*chamis and spells, 
ceremony, hocus pocus, exorcism, and sacrifice; the other treating 
witli phvsical and chemical measures; one whose forte is the cure of 
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nervous troubles, hyiterk, and seU-iknited diseases; the other whoso 
greatest aucoess is found in tho healing of those Jssions sucli os de<!p 
wounds or had fractures in which Mother Naturfl^ unaided, ci tiler 
faib to cure or else ends up with a bad rosulb. 

TIIK OONgKRVATlSM OP THE WlTCR DOCTOItS 

As ono would expect, the deacendonta of the witch doctor have not 
changed their techtiu|ue very mudi tlirough tJie ages, and if tomorrow 
Uicy were to be called upon tn cope with some terrible epidejnk tiieir 
methods would bo practice]ly tlie same as those of ihetr savage 
aticestont. They would doubtless begin as they did in^iblicnl times, 
in the Middle Ages, and in tho temble winter of 191S, by filing tho 









422 ANMJ-Vl* HKI'OtiT SaitTOSONlAM l^'9'rlTlITlO^^, la3^ 

blame ou same group of persons wlio had offended the deity. Then 
there wouM be sacrifieeund ceremony, eojcjim proeesaions and piJETim- 
ftges mid the making of vows, nil onderlakcn with the hope of eJtpmdng 
sin and pFopitiadng an angry God, 

Tlie average mdividunl would keep his wiedows tightly closed at 
nighi to keep out the flying demons of disuaae, and he would certainly 
w'cax a protective amulet. If during the epidemic, w savage were to 
come to our shores with some explorer, he would sco nothing new in 
ail this, and oould (ihiy approve heartily of every detail. 

HOW PROGRESS IB MADE DY THE DEBCKKDAKTS OF THE HERB 

doctors 

But now lot ufl soe what the descendants of the herb doctor did 
when, some 30 years ago, they were asked to send men to India to try 
to stop the bubonic plague width was raging there as it has done so 
many tiiiictt in tlie pest. 

Did the physic!aofl on that eoiTimiasion go mto the temples and 
offer sacrifices to the liideous godde® of epidemic disease? No, they 
went to work with mvoroscopes and guinea pigis. First, rockloas uf 
Lhcir lives, they opened the bodies of people dying with tlie plague, 
and studied the characteristic ebangos in the anveral organs. Thun 
they put under the microsoopo u Utile juice from the enlarged glnnds 
in the groin, and always tiioy found millions of tiny gejins such ns are 
never found in the Uasuea uf normal persons. Then those germs were 
cultivated in glass tubes, and a drop of the culture w-ea injected into a 
guinea pig, and when the animal sickened and died, the autopsy 
always showed lestons like (hose of the patients. And oo, grmlunlly, 
it became clear that the causa of the scourge was ■ living thing, a tiny 
germ which went into a man and kept inuitiplying tmtil it kiliiul him. 

The next question w'hs: Bow did this germ get into the people? 
Did they drink it or eat it or did it tnvvcl tlirough tlie air? At ihia 
point the phy-aicians wera helped by a bit of knowledge that bwl been 
available for cenlurina, namely, that lilwaye, preceding an epidemic 
of plague, rata crawl out of their holw and die. Accordingly, bun- 
dfwla of rats from t!io aifccted regiona were caught and diasccted, and 
in the sickly ones again tltere appeared tiie satiio loitions and tlie same 
little genus that had been found m the guinea pigs and in die patients. 
But how were the perms gutting from the rats into tho people? Soon 
the rats' ficag came under suspicion, and when some were removed 
from a rat dying of the ploguo and diasoctod, tliere again wore the 
germs. 

Then the noiiiutbits collected fieas from tur-k rats and put liicm on 
guinea pigs, and Ute pigs sickened and died of plague. They ulways 
got the disease also w^ben they wore left ui cages on the fiooni of tlm 
hute where men were dying of plsgue and their Qeae were hopping 
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abaiii looking for 0 now Bui wlten tlie tuigcs wriro mods of wiro 
gnuKO coo due for tlie pasmgo of ftem, or when ordinary ett(p» were 
sufipendoH oome distnitco of! Uio floor, Coo high for n (|i» to jump in, 
none of the guinon pigs sncoiimbod. 

At Ih^t, then, the cseeencia] fncts oboiit the disenoo were tivoUikble, 
and bubonic plague could no tonger range jie a terrible scourge up nod 
down the earth. Now, whoacver n few oases appear in a ciCy, health 
officAiu rush in and destroy rate and fleas, and the epidetiuc is stopped 
before it ran get well started. 

I wkli 1 had lime to tell more of tlio fascinating stories of the doteo- 
tive work that has lieen done in iTOcking down one little messenger of 
death after another, and learning so much about its life Imbits that 
health officers can destroy it or stop it from propagating, but I must 
hurry on. Those who have read Zinsser's delightful book on Eats, 
Lice, and History and De Kniif's Microbo Himtera already know 
how fascinating these atones can. be. 

EVERT WORTH-WtllLE ruSCOVERT OF THE PAST 18 I'SED TOPAT 

I must hurry on to point out a fact which to me is a uouko of pride, 
and this is that evety worth-w'bile discovciy ever made and ronicfn- 
hered, anti every acrutnte bit of information ever obtained and passed 
onwan) by tho andant herb doctom and by alt true studoncs of db- 
cose throughout the ages is used in acientific nwclidno today. 1 feel 
that oveiy' well-educated regular physician today is (ho lineal do- 
scorn!ant and heir of the old herb doctor and primitive surgeon, just 
aa evftiy faith hooter and every uregulnr practitioner who treats all 
cnaes alike, and every igni>rant rptaok who treats by hocus-pocus of 
one Idud or another is a lined descendant of the witch doctor. 

In my library I have trandationa of the two oldest tncdccnl papyri 
in ttio world. So far as scholars con tclt, theso two books date back 
to between two and throe thousand yeaiu before ChrisL The Smith 
pap 3 Ti)B was wntton by a remark ahly modem eurgoon who described 
tho sovomt Cypes of fracture of tlio ekuH ami the ^mptonis Uiat go 
with oneb so clearly Hist we can follow him Ualay. Flo snttirod 
wounds and brought their eilgvs togethor with adltesive tape; ho knew 
that on iniiuy to one dde of (lie brain eattsod pardysia of ibo other 
able of the lioidy, and be was often able to pick tlm pattont who would 
die and the oUiers who would probably get W’ell. If be could ou^ 
wake up today, to crawl out of his sarcopLagus, I believe that a 
modem brdn sur^n would 6nd in him a bdpfid asaoctote, and 
would defer 10 his judgment in iha handling of many a woiind. 

The other ancient book, the Eliers papyrus, is not so satisfying 
today, bocause the wi^ doctor had too much to do with writing it. 
It is largely a rolteetion of prescriptiona In which drugs are mizod 
with unpleASant things such as the dried oxcrement of men and 
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uumalfi. Why did they iiso euch tbingsT In order to make the in- 
dwelling demo a of ilieeaec ao dis^msted that ho ^'ould get out and 
not ctomo back. Actually some of the prescriptions were labeled *'for 
the expelling or ttrrifjfinff of the disease, 

Tlie Chinese have (lie same idea today, and in the Flowery King- 
dotttj when a nun lies desperutely ill Lin rolAtiTcs will soinotimes 
hire orcheotniB to keep tip suoh an inferno! din all day and itU night 
that the devil caneiTig the dbeaw will get worn out from iatik of reet 
and sleep and will depart for a quieter place! 
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MlXTUttES OE TUB MAGICAL AND THE EEACTICAL 

But to get hflflk to die Ebers papj’nttt: As I have already pointed 
out, one finds there mimy instances of a very common medical prae- 
tice, and this ts the mixture of llio magical ond the practical. As 
one would expect, all through the ogca the two systems have been 
combined morn or lees iinconaeioualy hy pmetiltonaTs of the tw'o types. 
Sometimes the wilch doctor or the mental healer hw used manipu¬ 
lations and even dnigs, and the old licrh doctor haa taken care to 
gather his plants with n certain ritual or w'hjlc mumbling spells, and 
only during certain phases of the moon. Fiirtliermora, the herb doc¬ 
tor has often fallen from grace, scientifically speaking, and has pre¬ 
scribed a drug not because experionae showed him that it was useful 
but perhaps because Uia astrologers bclievotl that it and the disease 
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to \ h \ treated botl) umler (Jid ptnioettim of tb^ «aine af iLs 
iKMliae, Or perhaps becAtioe h wnlniit looka Uko a brain with alt itn 
convolutioiiBi List* old doctor gave powdered walnute for insanity; or 
ho gave rod niodkinca for Anemia and yellow ones for jaundice. Or 
ho shaved cldor bwk downward U) get a onnj for vomuting and up¬ 
ward U> get a cure for lUfUrtiCAi 

^livlioologista whOt yours ago, uriearthed the ardiives of an aiiciont 
king of Kiticveh found two lettura of great interest to tiio medicai 
biotoriim. One was from u nia|dcJait idling Jus master, tbe kiitg, of his 
illness and begging tliiit a phyaidan he sent to him, tbo other was from 
a promittctit physician who had presorihed for (he king. Unfortu¬ 
nately, the treatment did not help, and later when the phyaidan wrote, 
admitting that be did not know wimt the Uonble was, lie wont on to 
suggest that while the local physicians coiiiinned to adminieter the 
mediemss ho hud prescribed thoy Imd better atsn call in a magiciim. 

And ao it goes today; the lailii healer culls in an obatetrlvian to help 
witli a difficult case of labor, tho spinopath prasciiheB diet and Lnsnlin 
for a dinbotlc, and the regular plijaician enm many a hyateric«l 
patient with a combination of pills, impreseive appanitua, suggestion, 
tind personal raagrtetism. 

Tint DRUGS PHYBtClA.Va PBE TODAY CAMK FROM ATJ. OVEll TftS 

EARTH 

One of (lie moat interesting tltiiigs almut tlie lUbers papyrus ia Unit 
itahowB ns that away heck in that tmriaiit time phyBiciana were already 
using rnany of the drugs Liiat we prescriho today, ^Vloea, senna, cjiator 
oil, and epsotn sal to were being giveii for constipation, and pepper¬ 
mint and fennel for giiA. To ms one of the moat enrious pFcscriptious 
in Uie collection is tbo one fur soothing a crying child- What Jo you 
liiink it contAinudT Wliy, nothing other than the opium which our 
Government had to ban from American patent sou thing sirups some 
25 yoara ago- Incidentally, some of you lodica might like to try one ol 
Ihe old Egyptian formulae for Countess So ondSo's facial cream, guar¬ 
anteed to remove wrinkles t You will Iw interested to know aleo that 
the ancient AssyriLiiis treated balitosifl, thoy dyed tlieir gray huir, tliej 
used musterd jdastera, nnd they put a piece of raw meat on a bruised 
eyts. 

THE TRUE HTYSICIAN tTBEB nrVERYTRlNO EVER FOUND USEFUL 

And ttiis leada me to ranphadze again tiio fact that a aelcnitino 
phyeican today ueea gladly any drug and any method of bcaluig that 
ho can bear of Umt was over found really uecful by anyone anywhere. 
Just tot ns go into a (Swig store and glanee over tlic shelves. There 
we will find the castor oil, Eeima, oa gall, nioos, and opinrn which wero 
siJios—ea —zi 
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used iJi ancient anothej- ptn^;ativo, iiia^Qaia, come origiii^y 

frcnn an uncU’int. city of tiiat iioinfl m Greece; |(dap comes Irom Mgx1cO| 
ojiil cii^arrt (mm CaiHoruiu; tJie aspirin wliidi is so populiir today ia 
first oon^dii to the ainrlly nil of vriiitej;grDcn wliicli our i^mmlrnoUieis 
ttsoci to put on (lonri[!l and tin around aolimg jointSp aiul i|iii]uiic ami 
encain and i pecac ii'omo from SoulIi Am erica. DigilaliSp <Mir mc^t 
valttablr!i heart metUciiinf eamo to us from an old Englisti iicrh woman. 
Whenj IW years ago, Dr, WirJiering found that thb womaii w&a cur¬ 
ing aomo patieats whom he hail failed to help^ ho went to tier aud paid 
a good price for her secret, "rhen, like ihc true plivsklan Ihftt ho was, 
lio picked out of her mo^y concoction the onn essontiol drug and gave 
it freely to the world. 

L^fst this story about WiiUering serve to atmiigliien the belief that 
inaijy persons have that it &i:ittiettinoe to go to ii Chinese herb 
fioctor <ir ro mi Aniericuti tndUn or to n Hindu or some other foreign 
healer because he mnst know many thhigd that tlio jkmericiuj physician 
doc38 not knowp esiundally afioul meilieincs of vegetable origin, 1 will 
my that there may have been something in this idea long ago hut 
lhe.Tii» js not much in it now after all the yenra that phamificologists 
Jiuvci^pont in studying drugs from all over tlio world. 

AJtE rim?rcrANS too coNSEUVATivEr 

I t is not complimmUiry to m physticiiots llml ihouisands of people 
IndJcve that if some layman were to ilbecrvnr the cure for cancer 
we would IniTC none of it until forccul to give in. Actniilly, n wtiidy 
of tlie lihtory of rm>ditine iti hist 75 years revwab m ha$is for tlib 
hclief. Onv loaders have grasped csagerly at all of the great gifts 
that have eome fmni mm ontaide *jur ranks: Fmm a pliytaciat tike 
Roentgen (X-rayab from a chemist like Pasteur (baeteriologyj^ or 
from ft dentist like Morton Can^stbcisia). In fact one of our worgt 
tendenck'S today is to snatch llm gift away from llm giver before ha 
bus lia<J time to perfect it or to lisst it pmfKsrly. 

Every year tho infititution in whieji 1 work nxrdvea iiiany letters 
fmni rnan mid womm who a.saurn iis tlmt they huva tlio euro for cancer 
and that help tiicon in getting it before tlie world. Wliat these 
pooph* fad to SCO is tliftt if n man wore to enro only a dozen paticnifi 
with can car scat torod tlirongit tho hody* he wouldn^t need to come to 
ug for Iselp. flc would have to appeal to the police encii day for a 
detiul to kcMjp iho crowds in order on his front kwn, 

ActualLyj of cmiroei there is not one diance in a mUlioti that the 
cijt^ for cancer will be found by ii layman or some obscure physician 
working ii%lita in his Ini^mont, Just ns in jjold mining^ po in tnadirina, 
Ihe time for picking up big nuggets h gone. Now the finding of fnicli 
II t!nng es a enro for cancer cnJls for much w ork by groups of higldy 
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trejned mid wgUhjh nipped invuisiipHors, ftutl aiicficss ifi likely to ooitio 
only as liiO rosulL of a series of diBCf>voriw!, all inarle in big univerBity 
tubora tones. 

HIPPOCKATRS, THE FATIl HR OV MHOrCINE 

But to get back to the beginnings of niedicul writing; Jet rns tell 
you a little about tho gjviitest of all ilio aiu'iiuit luioka- Heiilly it b 
a sorie* of books written in largo part by nippoerateef be wlntm we 
now rail Uio faijior of medicine, lie lived, ami worked in Greece 
Bomo 400 years before Chrbl. He iva.s a. modern typo of Bcientitle 
phyriidan in tlibt be olnserved closely with a Biirprisingly open mind; 
he tiestribed wbat be saiv, he record l«U his failures as well as his 
succcSEts, and he used evoiytlting of curative vaiuo that bo could 
find. As one would expect from thb, inucli of wind bo wrote so long 
ago b etiil of interest and value Uwbiy. The few ebaptera that arc 
of little value nre die ones, written by disciples, in wbicli the 

facta of observation wore wtiriJwl to fit one of those unpro vnble theories 
nf diaeoso wbieh arc atill 80 popular with irregular ptm-titionotB today, 

As many of you know, iJto Greeks looked upon the world ss made 
up of four otcnionts; Fire, air, earth, and water, and the body of 
four biimom: Tllood, pUlcgtn, yollnw bile, and black bilo. Tlioao 
buinors ware tilfectod by die four qnuliUes of matter: ITeaU cold, 
dryness, and moaturw, and disenae remUteti when u Inimor Jwjcanic 
too hot or loo cold, or too dry or too mobl. 

You who know some thing of moilom rhemistry and jihyriis will 
say: "Him' silly,*' and yot these humoral ideas dominated and rc* 
slrictod and largely storiliMid medical thought for 2,000 years. Even 
Unlay, they affotit our speech, and wo say that u man is of ii. sanguine, 
a phlegmatic, a choleric, a hiliruis, or a mclimeholy uaturo, that ho is 
good or bad humored, or that he Ima u warm or a cold tcmpflnmu'ut. 

Wo phymeions revere Bippocralas beenuso be was the first uian to 
tfloch, fiiBi, that many dieeesea clour up bust if the pbyiddan dina not 
nioddie too much, and, eocond, that modi cine con advanco only when 
it breaks away from magic. Gradually, tlirougli the two niilleniums 
before the birlk of Christ, pbyfucians had been corning to sco duit Bomo 
disea.Bes arc due to injury and contagion and the wearing out of parts, 
blit so far os we hevo a record, Uippoeratos was the first to go the 
wliole way and stuto llmt no dLseoBe Lb purely miraculous in origin. 
He would not exclude uvon epilepsy, wbirh then was luiljed the sac roil 
dUeose, because of those temfying tits which acern ao tibviously to 
be due to possoasion by a god or a devil. 

And if tiifough tlio ages, religiously mindiut iKcpfe bad only ILstcufid 
to TTlppocnitoe and bad given his siiccessora the freedom to dissect, 
to [lerfomt atitopidtis, to exporimeol on animals, and to reiiort honoatly 
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Atid foArlcsjUv what Iiie 3 f fotind, how alutoat certain it ts tlmt today 
nnsdiraJ knowletlgo woutd ho huodmds of yeatB ahoatl of where it i«, 
with tuhoiTiilosua and canoer and iirthiitb puihape only uicmorits of 
die posit. 

TlfK tVER-PRESENT OPimTIOK TO MEniCA.1, ADVANCEMKNT 

But all through the ages «large scodgn of the jioople tn everr country 
Imvt. kept sayUig, “No, you muattiH do this and you tniistn't do that ” 
Lliita^ lojiking It lianl or irnpossihlc for physicians to carry on their 
studiiB arid thair heneficeiit, work for the relief of huinan giiifcriiig, 

Bcally, aron^t we human bdnga cuHoiib in our nientfi! proi'OEiaea? 
£n tho tniddlo ages ihoy loved to hitcli a dray howo lo oaeh of a ninn’a 
hamis and feet and drive thoso horses off in four dilTereat directiotis; 
tlicy loved to siitp off it imn^a skin wliilo he was stlU aitva, or to break 
his boncB on the wheel, or to toaat him over a alow Dre; hut juet 
lot tho crowd vrhich had looked on witli approval and pleasure die* 
rover neat day Unit iin eminent teacher of mediolno, trying to loam 
how hotter to iielp auffoiiug humanity, had dissected what woa left 
of tho poor prisouot after die hangman was done, and they would 
turn in wrath to rend die impious wretdi who had dared to so dc60- 
nrato a human bodyl 

But we must not amila at this in a superior w*oy liecause even today^ 
it is not always easy to got huinmi htxliiw for dissection, utnl so hitter 
is the oppowtion of eonui niumal lovers to tlie pregre® of scientific 
mediemo, tliut in many eiUes the |Kiutid irtan docs noi itaro to sell even 
a dead dog for study in tJie local medical school. 

rfiiut tliink of Anstotle, the greatest naturalist, and quo of the 
greatest phyaicianB of all time, having to adnuL that even with Ihu 
bacldng of his pupil snd paiient, Aleimndcr, the most (KiwerfuJ ruler 
of tlie then known w'orld, he had Eioeu unablo to dtssiMt even onn human 
body, and he had novor scon a man’s kidney or a woman's utorual 

11 was not until the sixteenth oentuty that tlio oppoaitJon to disaec- 
tlou of the human body died down aiiflidenUy In a few Italian cities 
so tliat the great VewiUiw was able to loam how a inan is made inside, 
and to publuih Cm 1543) the first accurate book on anstoniy. Olivl- 
oiisly, until sudi knowledge was sociircii, the practice of surgety was 
iinposaible. 

The next big stop in the progress of mndkal seieure come in 1623 
with Harvey’s groat diaeovoiy- of the dreubtion of tlie blood, \\1rh 
tills work was begun an otn in which tlie functions of dm many organs 
of tho body were siudiftl. In I(i83, lAseuwenlioek diewovered bacteria, 
and in 17111, Morgagni founded the science of palbulugy, which *tenl« 
with the changes that ore to bo found in tlio lio^es of persona dead of 
disease. 
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LttUsr OieiT* camo much pjrogwss m Lko UiHfrrotiliutioii of dUt'ascsbv 
cMirufu] EUiUy of tlbfl symtvfomA nnd Lhc jiliydcol uutiJ pUysi^ 

tintis wcro able t« distingyuib uiniari* from typlioid fever, niHaftlea 
from Gonimn measlea., diptithfirio from croup, imd appenduiitls from 
ordmaty stottuicli aulto. Aroiuid 1877 Piuiteur discovanifi dm roir tluit 
gormo play in tlm rnosation of disease; protective vacemos and sera 
began to bo made, and Uster sbowed bow to bonisb suppurntioii from 
suTgical wounds. In ISiB, Morion and others dbcovorod anosttimHa, 
nod Bunjcrj camo into its own. Finally, wItJi lUo devLlnpjnent of 
bncteriologT, thoro came womlorful triumphs in tho prevantion und 
euro of iiisny of the inreeUniia disoa-ees that liavo plagued manklml. 

TftE I.ATKST PJIASE Ol' MEUICAl. [’KOQRESS 

Today we are entoring on a iiiHrveloas phooe of medical develop^ 
nu!nt, and many Moming mtradca are idroaily beitig ]iorfortued, The 
phyrioIogiottL rliumist is liaviog Ids tnningj and aveiy few tnontlis, 
someono diocovots a now eubatance which tias uncanny powers in iho 
way of controULng growth und dcvoloptn(3tt. One of Uieso subetancee 
niahes giants, ouotbor makes midgetA, another produces goiter, another 
makes the breasts of a virgin aniinEd Uil with mtUc, and oUior substances 
produce cajvwr at lha will ol the invostigator. 1 feel au« Unit wo are 
but on llio threshold from which wo shall soon glimpse great wonders. 

.As yet wo do not know* liow to uso curaUvely oil tliose gifts of tho 
(hetuist, and many ore not yet even oit the nuirket, but with tiino and 
oKporience, there must surely come from some of them great iMmefita 
to tlie human race. 

TRK St:Et) FOk PROTECTIK'O IlFiBtlAHCH WOttKKIlS FROM 
MIROUEDED PEOPLE 

All of these grant gifts of science are for you and your ebiidren. 
N'o one knows on what day some disease, ns yet incurable, ta going to 
strike down somrone dear to you; and whoa that tiny comes the only 
ho]>o your physucton may bo able to give you wilt bo that in navoitd 
labnrotones in tliu> country, or abroiid, devoted men and W'omcn ore 
workitig late into the night, but on the trail of a cure for this very 
diseasni wbiclj now intefeste you so much. Undor those cireuin^rtanoro 
the one thing left lor you tr> do will bo to pray that tho ill-ioovery vriU 
not oome tm) late. 

Surely whoa such dill's ol sorrow and anxiety come you do not want 
to have the door of hope elaitmied slmt in ^rour fuco with the announce- 
ment that certain people w ho caru for aniniids more than ihoy care for 
men and women and little ululdrcn bavo Kiireeodcil in stopping work 
in tlione very lubonitorita in w-hicb thbi mo.it pro miring rpBjearcb was 
going on, i am sure that most of you would never conHeut to stteb a 
ttdng if only you imdu^tooil the problem, nnd if only you ln’lievfKl 
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university itnlhoiities vkhm tliey you tliai todiiy tuboTatory 

fuiiniaU4 are well taken caroof^and^ whon oporatej on^ an? alwaya kept 
under surgical aucetLeaim, 

SUMMARY 

In summing upi I would like to empliame agom that Lliere are two 
typea of rncdkal practice that have been witii ub tmm Uia aarlio^t 
One^ that of the witch doctor nnf| liis hains, and the otlicr^ tliat 
of the herb doctor and primitive sur^a and hb lietn*. Onv group 
relies on hocus pocuB and some improvable theory of diseju^j tljc odier 
group buses its practice on olm'rvatiqn and oxiicrimcnt, and uses 
every medical and siugic^ij procedum of value ever discova^ by man. 

Even today tlio old witch doctor and his huirB hold tl)o conddonco 
of It large percentage of the popuhitiorii and this fact greatly humpom 
health officers in tbeir work. Although Bcientlfic me^cine is forgmg 
rapidly ahead and working over greater mirades of healing, it still 
has to fight tta way figainst opposUioo from the many people who !iavc 
been brotighi up to believe that discuses con best be treated by men 
and women w'bo have hail little or no edueatiou in mudiemc. 

The atoiy goes that once upon, a time a man of God was treed by on 
angry bear which started to olimt> up aftorhinK Atfirattho minister 
said: ^*0 lAkrtl, help me/' but as Use boar kept climbing higher, he 
finally pmyed: *^0 Lord, if you won't hdp me, at least doaH balp 
the b^/* And so 1 dose with this plea: That wldlo teachers of 
mcdicino and mvostigatotB strugglo to advance medical acietice and 
to supply you and your cldldnm with over boitcr and abler and finer 
physicians and with ever more cfficiant troatmenta for disease, will 
you please refrain from helping tlsDae many persons who are always 
trying to lower standards of medical education and liceneuro, and are 
always trying to stop the work being carried on in the research labora-* 
toricB, As Dr» John Abdij that grand old man of Auicrican niedicioej 
once said, ^'Greater even than the greatest dUciiveiy is to keep open 
the way to future dbcoTeriBa/' 


SiiBlb«MMB 111^. Altil- 





1 MOOEi- MAOr av THE Ml^WAUK^^ l^ySJJC TO ^HOW M ^IvpiAN 

MEDICINE MWi HEALINP A PATIEl^T. 



2 AN AFITICAN MEDJC^Nlff Man CUFPlNa * PATIENTWrrN A HOUf* 



An kNDiAM S^EAYHO^JEE IN- T^IE AVCPlCAN SOUTHWEST. 






















NATIONAL AND INTKKNATIONAL STANDARDS FOR 

MEDICINES ‘ 


liy (L Fi7L.LEiiTnif Ctlox, P. T)., Pn. M.' 


Uttiriiiti) sUndardB for in(*dic]nc!fl im* h rtuvogiiiscd tiP4^ for t]io tnt\L 
icul worlds Many sulystimccs now u^od in tlip tn^ntmaut of diseuae 
must bo exactly oontmlli.'d as to sttrongtii. idnce Uioy am ofiou lugMy 
potent and require exact doaogo if !hey ate to produco tbo desireil 
tbcrapcudc effects. Thmj is also tlie possiliUity of foreign substances 
rinding ibeir way into mediciiifll products, lessening tJielr eoluo or 
even adding an dam ant of d linger, and tests must Iw provided to 
guard ri^dly against aueb. a happening, This k not a new proMfttu, 
but ita solution U being attacked witli increased energy and willi a 
degree of success whidi carries confidence to the physician and the 
patient. 

In this program for the production of mcdiaul siihstances of de- 
peudsbk qiiofity ttierc k, in the main, a commendable onoperatiott 
liotween id! of those who shore tlie responsibilities. This starts witii 
t.ho manufacturer, who must maintain a scienltfic staff of reliable and 
skilled experts to select raw materials and to test these materials Cor 
confonnity to the estaldialteil alandotfla of purity and strength. 
Another group of trained tceluiiciaita must be reaponidhlo for tlio pro- 
duoiion and quality of tlto finislied protlucte. These nicdirincs are 
widely varied. Among them will be found chenitcal salts; new syn¬ 
thetic compounds of a complex nature, sudi as arsphenamine; anes¬ 
thetics, like ctlicr, which arc so important un element in the ssfety of 
the surreal patient; or perhaps it is u biological product, illustrated by 
diphtheria autitosiii; or an ointiricni or a lahhit, calling for skill and 
accuracy in manufacture. Tln^ arc but ■ few illiistrationa from 
among tlio bimdreda of ililfei'ent luedlcincs employed today. 

After production and sale, again the estaldblied standards apply 
and at tills timii with groiiter eignifieance than before, since the tests 
are likely at any time to be made by iltc Laboratories of enforcement 
ofQcials with the possibility of substances being found unotGcial and 

< Oh Mib* loaiwriHaf PiitirttarSUMM UHTHm<4 Uw rhUadatiifik CnlhH vt riiaaBiidr•I><1 OiMiidi. 
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ihe manu/aotiiror bfbig ciiari^fid n'ltb thr uduIUu'hliDn of his [irodiicts. 
Ttus is uH iu till' bacli^rfiiLilli d 1 tlio pitKlimtioii of modem nirdiclnea. 

But yi)VL may In* aakitiK liow Hiia bus dc^vlopocL liow wnre i tie» 
mi?diriaefi soliectiHiT Btio iliscovcTcd Umt fumio dnigs wt! v'ltUiurtirii. 
ill nil otlir^ra caufie u iiroftiQit porspination, Uuit tiimllitr slovni iind 
etrDiigi)ieTi& tlio lirnrl, wliilo atili othm utlmiiliit'O ivspiniticm or ruiso 
IJi 01 ij fipd proBsnro or peri i aps jvliove pain ? Wo nro pn rti ctilui-1 itt lor¬ 
os tud in knowing: w’ho dotorrnitits tho idraiti^' and qiudity of tlio 
'mcilii'Uios u coded by modem pliysiciniiH, VlTiat Kappeoed in pact 
coiitiiries is vogueU' iniUeated by tbii records of tlic post. 

In roemt yeant tliis information nboiit fJie value of new inodlciiien 
lins come lb rough aaira^tiliu rtaioaroUcKS in a modem lulwraloty, hut the 
foimilAtlous wore nnly ato^ ty Indli tip, Uiron^ the c«iituru>>^, by indi- 
vidunla who often worked alone, making crude ohscrvatioim iind iladne- 
lions and hliving f(^ opportimitien, and often no dcsim, to rcconl die 
msutts for tlnr benefit of <ithoie> But fortiinatefy them are rcmnrkahlo 
oxcepfions and to Uicflo pioncore the worM today oeknowleilges a debt 
uf gratitude wlilvh is Jiieelimnlile. 

Back (>f rU of Uiis modem pfugruin k un ifitercfitiog record. It is 
not ncorsaiity to roview Ujis in detail lu remind you that Ou- chihoratt' 
organuation of toihiy hud ita riHiU well grriuiiiicd, hr&t in tradiuon 
find then in pToven luatoiy. 

KARLY rnVbJClANft 

'I'ho iidbial iiicojidvo of ilie ]ki(}nrx>r hcahT iseredilcd to «ii ennobling 
ticaire to relieve Gtifforing. 'I'mc, in every ago tlio diurlatan has ox- 
plot tod tho aide fur pecuniary roa'iml, yol tliu initial force, through nil 
of hiakiiy*, aewiw to spring fr^im tlH.Mse' pioncora who truly lalH^red to 
Iioid tlio tiick and warn a port of Bie rvligiotts ordoin of the time, 
Ibcirs uKuiiUy living a pncaily service. Willi tlio dfoii to help Uiew 
who wAi« ill, came some ktitmledgo of the nature and causes of 
discsso and witli this there el oady evolvcil mcUiods of (.raiitmorit wiUi 
atl manner of etiuitge modirdnee, 

Tlic curly pbystdau iiiado stow progress; liis kiumdodgo was liimtoit, 
Uio mediidnoe wore crude, he could not onfurco troa Inicnts, and ho luid 
jmor ojijiortii III tics to study effects. Yet it is Hurpriaing liow munj 
valunblo atibsliinccii iisd liccn discovered oven whiin tlio oldusl known 
rccorda were mviudod. 01 nciccseity tlioro ofton entered into ttio troaf- 
niimt tliat. which was associated will) the Tnjsterioufi or tlto oooult, 
often with incantations and prayem—how natuml Uiat the inllucnco 
of tho deity should be invoked when the piiesl treated tlio eick. 

KARkV MnmciNts 

Whnt moilidiiea warn used in Ui« period of 4<)(K1 B. C., of Baby¬ 
lonian hLitoiy, is not known, but tnuirlion udla of Uto lahont of Llie 


-STASlUltl'S FOR iUCDiniSliS—OtKHi 


433 


phveicJliii uaii of Ilia fifwooiiita why »a auppoaeU to hnvo pcnpiiml tlie 
ttu»tliiiiiieg. Lcgoiid reooimtfl tlio Bloiy of nn Egyptian ptijBid^ 
known Uy lUi' tuuno of liulioijop wbo lived about 3000 E. and bit is 
Toputod to liavo tisod mflny combinntifnis of mwlkinea. 

'i'httl tliPW is anuie jua^oitiou for tbrao unvonfied invilitkina of 
remoltt eivilkation is borne out by tlio discovery of an aUnoiit porfwit 
Egyptian nnuiuscript liatnl E552 B. C,, wbkh eonaiateil of ii eolloo- 
tiun of jiuwUcinal fomuibia, TJita is after ibo nnitie of the 

discoverer, the Eboia Papyioa, and is cvidnaitliy a rciwtd of tbi* uiedi- 
cines known at llio time wbon Mosca liritd; it must havo represi'nttnl 
tbe accumubitod kROwlalgo of the ccntmiiB. Hero ore Tcconlod 
about 7b0 stntplo drugs repruseutbig tlio vegetable, animal, uud 
nunend kingdunv, and while many were impossibk and wortldcsa, it 
is iviiuirknble that Uie bat incliuled aubstaucce wldcb. find u pUice even 
iu thn latent Usla of ptt&iut-dny niodiidnes. Amoug tlicjo wew 
turpentine, eftstor oil, anise, Jienbnne or byoscyannw, poppy wipsnbsa, 
wbiob wero tlio forerunner of opiuni, aWa, myrrh, oia^in, gditian, 
eolcliieuui, and erjuill. Amung tbo mhierpl aubstonces want iron, 
lead, mngneeia, nitre, vcnmlion, copper aulptmto, sodium earbonuto, 
and sodiutii chloride. 

The use of predouB atotios, fiudy dividetl, was a fonn of medical 
treatuHiut. Thtsso were ordered nf various types and priocB, ikpeiid- 
ing ii|Mii the ability of lliu putiont to pay. For the wealthy the 
oinortild or tapis lazuli or the (sapphire were iluecUid, but for tboae 
less ablo to pay green jinrcebin or a sitniiar appearing colored gliias 
u'UB iieceptable. 

This belief in tlie medltial value of pi«diuia stones did not end with 
tJie Egyptian ere for tliey aro found in tho piiamiacopoolns of Europo 
of the Bovontecuth and ejghU^enth viatiurina, ehoxviug bow iredition 
mid supendtiui) can Ins oontmued for cmituruis. 

Aniiruil 4 lnig» wt«o also present in abuiidanw*. It wouki sotm 
as though tlic more offenaivo the more tiiOTit was niitlei]uitod. Ct'.r* 
tckinly this early phyBieian was w'iUing to try every uintoriuJ ut Imnd, 
hoping that ho mi ^d it disoover that God-given fomedy which he be¬ 
lieved was pmvidntl as a cure for every disease. It w'ould seem also 
us though tlicy iKiUei cd that sjiucial imnil rmiderl in any substanen 
wliich Imd mi offtaisjve inlor und so among the nwonled animat drugs 
were lizards’ blood, swiiio’a teeth, putrid meat, stinking fut, tnoisturo 
from pigs’ cars, exrrota from many sources, iucluding Hire, and olluir 
sulistauees even more rwoliing, Some of the formulas were very 
uiinplfi and oviiiotnJy mild in action, ns, for inetonco, one for lu'uduche 
calling for frankmcenso, cummin JUtd on unidentified berry, oil mued 
with goose grouse and applied extomuliy. 

On llie uilier Imntl, smuo forniulaa were oxceodiiigly cumplex; 
one fur a pouttieo ooiiUiiiiing 35 Ligrcdiiuile with complicated dircc- 
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H{yn& tor €on)f>ou]ii]Ln{;. Bvidrntly warm nif^didtios were? in demELndt 
for tliaro were formulas for mfldicines to rtauovi? hookifonijs, tape 
worma, seat worms* and Intestiiiii! wonufl. 

Many forms of modicLn<^ biid also beon dov^elopod at tlu^ oarly 
periodp incltidkig bftisiotiSp deccclioDfl, fiimigattfcs^ mlialatfooSp gurgltsSp 
injecliansp pills^ powdimt, trituratiunSp sal res* pWtorSj ooiilcouoas* 
and poultices, Uerro indot^l waa the foiurimncr of tlii:* moilom 
|diammcQiK>eia aud a roal attempi to oaiublmh B<mm form of ^Undards 
for die m&iliQiiiea tlieu m U!M). 

EARLY FOJt^Ul^ AND STANDARDS! 

Odter mcilical papyri of tkis or oven earlier Egyptian periods havB 
flincre been discovered* and soiua speclidke in ma^o und sorcoiy which 
so frequently accoinpnnied medicBl iitmtmeni. 

While there is loss known coneemii^^ the niedkmca of ancieni 
China* probably Ijcceuse of if^ research into their literature, Lhero 
is knowledge of a pharmncopoeia-like oompDation of Chinese formulas 
called dm Great Herbal, which goes back boyotid the Christian Era. 
It is Jimdo up of 40 volumea and boa.^t!fi of Hi loa&t 1*(HM) authors, 
including iis thuoriginai autLoritj the Cldiieso myttilcal got] of medi¬ 
cine, Shell Kiing. This work contaiiiB $cYeml thouamds of prescrip¬ 
tions end many strange sut^stonees axieh as 10^1^$ eyoJitls for coryza. 
This particdiir ilrug: might indtcaio a keonAcas of observation which 
is almost nneaonyi for modem invesLigaflims prove the presence of 
nil admnalmlike substance* secreted by a gland nmr iUi§ oye of a 
Chinefie load* and one of our modem Lrcalmonte for spraya 

Iho nc^trils with solution of ticlrofialiD. 

Assyrian and Babylonian rec^irdB also oliow aiwit tins same period 
IV kiiDwIedgool medirines murJi Iho some as that of Egypt* evidencing 
tlie manner in which informatioD b carried from country to rountiy. 
Cannot one well imagine a wimdoror upon the earthy carrying perhaps 
a eeiu^ot in which some myeteiious powder enu?rs; a suhstauco 

which may come from far-off fndia or even CUinaj by the routes of 
ancteni romtuercDp and his selling it to pliysicjiin jiri^'s&la for ami wide 
for fMirbaps a fancy ftguro? 

And 00 there b found* even in tlie earlii^t dvdliaaiionB^ a welU 
marked teiuleney toward CBteblbhert medkal formulae, mchnluig 
EituneSj ^ynilNub, an<l clE^riptionB for humlreds of ^llbflt^B.D€es tried 
and recommended for the cure of the sick. 

The groat civilization a of Cireece ojid Itomo^ coveriug mom l-bfin 
I,5(Ki yeara^ wmro built upon i.ho foun da Liens laid liy the still earlier 
races. 1 hey rose to Iieigbta of accoiijplisUmcnLei bi literalurOi arclu- 
tecturCp phllnaophy, govcmnnuil.* and cciiic|ue&t< not before dreamed of 
Hn<l they influimr-otl tliu life and hnbiia <d nil sutisequent western 
pnoplcs* Thin is lupially I rue in lUe field of mc^lidnc, and the namee of 
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tluHM) w)ti> tunteiJ to Die ]i€Bliug nrts And rDconitid tlinir obiM^rrotions 
iitid tfmcbiitgs ilomiiiatiid mddicAl pmctico m Euivpo for bimdnHle 
of yiiors. 

TrAgicn.Ujj the later bur baric liordos oi the fanatical rcli^oua 
groups H'ho ovorran those cfniAlrio® La Uio iiiiddlB ajjaa destroyed 
countless tnamuseripta wliioh could have abided to the exact jmunlodge 
of dtfl time, but enough was saved to pr&sorvo abundstit evideare of 
the jstuarkablo avooinpliahniants of Uiis pwlactive period. So 
blunUud are the onritor tuconin that it ia dilTiuuJt to aoparate the 
ntythological from tlio real. 

Among Uto Greeks, AiwUo a'as tlio God of Mfidicine, but Cliimot 
tlio C!otilaiir, by mythological talc, waa credited Trith having brought 
to man the first knowlodgo of the conipoaitioD of medicines and ho 
is reputed tt> have taught the other mystical oharactora what liioy 
knew ol the healing art, including Aosculaphis, who lived about 
B. O., and who is the patron esint of medlL'ins. 

IJIFPOCRATES AKD lATER GREEK PIFYSICTAJSS 

Prior to tho time of HippocratcSj tlio temples of Aeaculapius were 
the centers cif medical knowledge, and the priests practiced the heal¬ 
ing art although it apparotitly depended liUlo upon medicines. 
Chamis, incantations, and prayers ware the important etements in 
treatment, althougf) the toniplca were situated in tbs con tor of bvbly 
irroves where springs abounded and whore the patients were auiijocted 
to vigorous physicnl treatment. 

Historically wo owo to Ilippouriiles, a Greek pliysiciun bum 4tifi 
II. C,, the most exact knowledge of Greek tneilicme. He had aji- 
pareiiily he<*ti stooiMid in the loro of tradition and mythology and had 
loamfuj of the medical practices of pre^'iona civUizittions, but bis was 
that niro type who obaorvea accurately and thinks clearly, and lits 
nTitinga shArply distingidstieil liotween the real and itie supernatural 
ami rocordod for future generations tlio knowledge which he had 
acquin'id in his long and active Life. 

lit his writings ho named almut 400 me^dnnt substanci'S and » 
said to have muilo iiis own jirejiarationa, ’Vilitle Rippormles did not 
eompiln what might l»o called a pbannacopoBia, his books told of the 
Vises of medloinal substances and how to cembinn them, and since ids 
toachinga induenced medical practice for at least 2,000 years, ids 
pEaco in the fixing of standards for medicines cannot he exaggerated. 
During Lliis punod many new eehoob uf medical thought arose and 
and in moat of tlicm medioUiai sutiatancaa found a place, 

III liie post-Hippocratic jieriod, reigned tiie famous Mithridatea 
Eupfttop, King of Toiitus. After liia defeat by I’onipcy, Oio fnnjiula 
for his famous medicine was released. Ttiu Confection Mitbridntea 
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WRs impntvod upon t>y DajnocrAlWj phjBirLnn tu Nero, and later by 
AlidrutiiiU'hitii, a Ijndy pliysjdifin uf Nero, Tills boeamti tlio uiflat 
ffttii»ii£ wcdioiiio of liistory. It. VM also kiiunn &s ConfecjHo Diun- 
oPtfitw and 08 Thorioo fas he aitdod flesh of vipara—thtmatne coming 
from Tyros, n suako) and i.OOO yows Utor Uiit fofniiila WM Enetuded 
by Vnl&riiia (!otdus m Im thsponsatory, At that timo tJis traditional 
formulas eontaiiuNl abonl 00 ugroiltenis. 

DioscondeB. wrb anotliur Greek phyittcum whoso wrttiuj^ wore 
a iloiujnnnt factor in European medicine luid who was probahlv 

coiitotupomry of nipudins Galenus, oommonly knovm ns Galen, 
fialeti was one of the most famous physicians of nil history, Es be* 
eatnc a colehraicd racdiodl authority. Eo lived at the lime of Marcus 
Aurotitis and traveled widely, praetieing hjs profession as he went. 
While bora a Greek, be become a citizen of Itomn. He was a volmai* 
nous wtiter on nmdicnl siihjcotH ns well ti» an experimonter in the 
prepanillon of mwiidiu's, many i>f wlddi he tmtdo from vogotahtc 
drags, mid tiiis claaa ul produi-ts is still iissociatod with his name, os 
gnlentcnls, 

roman RRA 

The firai Uujomi to prepare o fomndair wag ScrilionuiB Lnrgirs, 
phyttioum to die Etiiperor Tiberius, alxiul 4$ B. C. This volume wua 
called Comp^ilioruts and was more nenriy^ of the typo of the Inter 
fiharainvopocnis of the fifteenth, six teen th, and ecvenfeceaUi centuries. 
Besides the htmks which wero boing writ ten, standard fonnulos were 
devivlopeil by individuida anil passed on to futun.' generatioua, 

Kefenence lias alrondy boon mado to lha Confcctio Damoemtea or 
theriftf;. Another formula, the thenac of Nicandcr, wus written in 
verso on a stone in the temple of Acacitliipiiia on tlm island of Cos, 
the binliphico of Hippoerab-a. Another tlieriao was thot of Pbilon 
of Tarsus. This wns writtiui in verso that It might be more easily 
rcoiBiiibcred. Ita meMl rare ingradient was the ■‘flesh of vipors" 
and this rainaimx) a part of the piihlished formula 1,600 ynara later 
-^lolher which might bo mHimdmtood was‘written as 

"the nnl hair of n i«d wlioso blood was shed ou tin- Hold* of Mer- 
«nry,*’ hut this was only Uio picluresiiue way to wriio "eollron," 
fHhiw ingredients were upimn, pyroainiin, oiiphorbium. pepper, 
henbano, spikemu-d made into a confei:tion with honey. It waa 
oripmOly iniwidcd ns nn nniidota to poiaon. but was widolv used as 
a n'tnedy for colic. 

Then cams the rtcelitio of Romo and iia full in th® fifth centurv 
under till) attack of the barbarians from tlw norUi who stippressed 
and destroyed these earlier clviikaaous. In the foHowiiig centuries 
under tin, mfluonce of Mohammed there began the period of Arabian 
aupremaej. Egj'pt was overran and iti il42 Alexandria was captured, 
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line] lliRii Uitt Aratii!ii yiveplon (Jimugl) SpDin and cbminitU^ moa^t of tli« 
Imbitiililo world for 50l> yvats. Bagdad become an important oontor 
of Icuning end abo Cordof^a at a Inter period. 

AHABtAN FEBIOl) 

Forluniitfily, aunie manuscripts of llippocnitcei and Galiin had: 
csca]>od the wIiolciMiIo rlcstruetinn oF the libraries of Alexandria aiul 
were now traitdatod into tJio Araiiic togetlior witii otlicr Greek 
ecicutific ond philosophic writings. The early intolpronco of the 
Arabian caliphe waa ahandonedi and with ritu estsblUlinient of 
nnivomitiis at boi.h Bagdad and Oordo%'ii^ teacliors from the wots tom 
world, Christians, Jews, and Pagans* were oncourogud to bring there 
the adenccii in which Liiey wen in teres tod. Modiedne, plmmutcy, 
and cLomifii iy were «8i«cuilly eucouragod, and under Cftlipii ITaroun 
at-Basebid, about A, D. 780, boopltois and dift[HUi£ariea and sepamto 
phannocies were ontabUftlicd in Bngdodi. 

An outatetilling contribution to tnodicui etandanb came about this 
time from Meou^ Senior, w!io was head of iho Medical School of 
Bagdad during Iho reigtt of Rarouii ol-Koscbid. His formidory woa 
translate!] Into Latin ue late a.s the fifteenth cotitury and bcenmo ilie 
model for the fitat Loinloti pharamcopoeln. lie was opposed to the 
violent purga|jve«i of oorlior mediciniO and is said to have inLroduced 
tlio mitii laxativco aottna, cassia fistula, toinarinds, and jujube. His 
pupil, JolianuUiia, tranalated Galen's booka into tho Arabic, froni 
wbJeJt they were later translated into Tjatin. 

The head of Uio huojiital at Bagdad in 870 waa a famous physicion- 
pbjutnAcist conimoniy known os Bliiir^. I,Io wrote vatuininoiiEly on 
mcslidfte and pharmacy end espcciolly exposett many [mposLora. 
Two iuindml years later anoilior teathor, MosuS Juidcr, developed 
in Bagdad, whoso woi'k entitli'c! “Crabodin'', which was on alibrcviii- 
tion of an Anibic word nicuniiig cOLtipoiind medicines, was need as a 
pliannadsts* nionttal for S(X) years, going throiigir himdrodsiof editionc. 
ft comuHtixl of many fiinttulus orrjuiged in dosses, and many propara- 
tiuns «if tlio oorlior bluropeon phomiaeopocias om trociKl back to Uiti; 
foTmulary. 

Another cmtlliont physician of tho Arabian period was Avicoiina, 
of Liio tenthcciLitury, mid also Maunoiuiios, tlie latter born at Cordova 
in 1135. Maimoiiide,'* is mrmi faiiions For Ids oath nrd prayir, sotting 
fortJi on idealistic oodc of etbico for tbr physician and the plutnnncist. 
ft is olmoai as faminns hr tho Ilipjiocratio oath. 

ContompoTTtry with Ilaroun nJ-Rase hid and tJio golden era of Bag¬ 
dad, Chorleinogno reigned, llo cjicoiirugcd tlio gixiwtiig of her ho UTul 
the making of medicines liy tlio monks. The lierb gardens of tlie 
monastcriea uf i^iiro]ie during Lbu I'lglith juu] nifilb coiuurios dvvoto|icd 
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die veg<iiuUle iiidtoria medico and also a greatly tnrrcased ktiowliKlgo 
of Imtfiiiy. The word “dnig*’ also appeared about this Lime^ meaning 
a “dry Lerb.” With this devdopuiont of ilio herbal garden tbcre obw 
appeared imuiuseripta dealing with dru^ and their use in mcdieitie, 
but they rnesUy fioalL with chomia and apelb and eontributed little 
to iJie knowledge of tnitdicine. 

During the niniJi to the ele%‘enUi centuriefi an opportunity was 
offered at Cordova for theeit^tabljstiineiitof a separate Jowioh ocadouiyj^ 
and its iiijliieiice rapiflly syiread through EuropSi whore many Jewish 
physicians were welcomed and siiecossfuily practiced their profeastou- 
One of the best kiiowTi Italian Jews of iliis pcrbi! was culled Donnoto, 
and his *'Anlldoi&riuuL’* containod desGriptions and foniiulas for 
ninny’ drugs and propuruLions, 

EUSVEXTH TO FtfTEENTIf CENTlIlUEii 

About the middle ol the uleventh century there began a reawakening 
of interest in arte and science® throughout ail of Europe, 'fhe 
Norrnsu Dtikc Robert captured Snlcmo in 1076 anti encoumgerl the 
development of the iiniversiity so that it became the loading educu- 
ttoiial center of mldiUe Europe. During the next 20n years other 
iiniveiBitieB wm establiaficd—Paris, Bologna, Oxford, Cambridge^ 
Padua and NiipJea—and in all of Lheiii medicine and phnmiacy 
wore taught. 

^ The nieilicid director of the Medical SclKxd at Salerno at the begin¬ 
ning of Ibc twelfth century wafl NtdiolAs Priiepoaitiis. ITb "anti- 
■lolunimi” bccanic the standard for jiliarntacciiticiil fonnulas for 
centuriiis, and he introduced the apotliecarica' system of wmghts and 
mcasttres much ns it Ui knowti twlay. 

A notable ndvanco riuiie in 1234 when Frcnleric It of Sicily estab¬ 
lished n ivgTiliittnn requiring all pliyBidaos ami cumpoundera of nicdi- 
dne to bo o.'Cftmlncd and lieonwJ by Urn .Mifdical School of Snlemo, 
The pharinnciars, or as limy were then cHlJnl, tlio "confoc.tinmirij,” 
wero required Ut swenr that (bey wuidd pnrpare ail tnidicinoa according 
to llie instructicijui rif Ihc ntitiikitniy of Nicbolit® PraopodLus. Tho 
drug disiiensem were iimlcr si ric( itmpection, and some proparations 
had In bf made in the prcseaite of inspectoral Any ntt^'mpt to 
defraud subjected the offeridor to conhscation of his property and an 
iitaportor caught violating tiie law was subject to tin* death penalty. 

During tho next periiMj, from tfie twclrih In liiu fourteenth conturioa, 
iii^y additional uiuvATsities wofta catablidied, but there waa iittlo 
iirigimd mcfilcd knowledgR dcvelopcti, altbougb during this time 
friglilful ji^ouigps swcjit through Europe, these itu'luding leprosy, 
ergotism. Nock death or piagtip, and later syphilis, U is ce Lima tod 
tliHt 2fi percent of the human race died from plague during tliis periud. 
This era is noted, howevor, phiimiaccuticully, for tho estaiilifllmii'iil 
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f>l f^gtil&Lioiis for phflnimdgtd ainl thi* &nitin^ up of mdf^pcmrlcnt 
ph4irmaci4?s tmd (piil<lsgovcmirig tliDir prfLctirf^ tluougfifiut inudi of tto 
Eumpcan worldp 

FmST tlEAL raAftMACOPOKlA 

In 1498 dioro Wfis issued in FlorentM^ tlio (Iret pharomropocift* 
Thifi tFfifl coinpili^d by b c^ommigsion tippointfid for the pun>^>s«^- It 
w in ado np mostly of the fu riuijjAS of fisJon, Moau£p Aviconnn^ 
RIiiL 7 pi‘S and Nicholas Pi aoposltUB. A second phanuacop^JoiB ttppc[irod 
Hi Barcelona in 15?IS, It not only CAnjtidnijd ronoiilas, hni nko lUo 
rates at which dru^ dinuld bi^^ldp 

In th(^ sijcUHnit]) century itn appear^^l ilk Ivto vobuntsss 

by John Jacob Wcckcr, In Llie second Tolumfl, of almost tM*W pagiGS^ 
aro priutod thoiisanik of formulas with tbo authorities for manyp and 
Iioro are included nioat of the famous names in niedidnu for tho 
past 1.200 years. Ilona the Thoriaca formnln is nltributeHi to Galen, 
and it included 00 or more Itigrt^LliTOte wUb a full page of ilircctiuns of 
mjinufsoturep Because Tlieriaca wm hcIiovt-Hi to b« a apecMc cure 
for the plognCp it was largely in demand. Tliou ciunv thi* cuiikpilaliou 
of forninlas by Valerliw Cordnsp published by Oie oftlor of the city of 
Niirombcrg in 1546 h Thifl was more of a fiisiHmfctatoiy type than u 
pharmacopoeia^ nJtliongh it was long looked nfjon as tiio £Lmt real 
pharmacotx>eia. 

A similAT eompilalion of fonnuJoe appeoretl in 15(J4, known as the 
Augflburg rhaniiaco[MJeia, and it also Imd much indutncii over later 
pi I onn acopoei AA. 

LONDON FttAHMACOl'OtUA 

But now c&uio ati DUtstandiiig a vent in phamiacopoola moking^— 
111 IT Hppimmne^ of Ihe First tjondon niamiaeo[K>cia in 1(118- It hod 
IwM-n sponsored iiy the College of I'liyslcaans of Lundt>n, and s|iedal 
Oikimnittces were appointed ns oariy ns 1&89* but those committees Jmd 
Xo be reoTganbuxl and it finally ap|>eiifed idmo^it 39 years Istor^ It 
cx)ntained 1 simple dmgs and 932 preparations iind was tliorefere 
quite an extenEive work. 

It did not depc^ud wholly upon iht older foriniilos handed down for 
coniurk'a, hut intruded many piescriplions alLrlbuted tocont^miporaiy 
autht)rities, llort^ are found many faiiiilLw medicines of today, such 
as poiinuinnt hUartratt?, sulphur, potoj^uin uitniU?, ealonioJ, load 
ftcetafe, antimony oxidcj oJimt, calrJmu hydro^idci scamony and squill. 
There wore also many revolting sul^sttuice^ij eupeciidly among ilia 
anjtijs! drugs. 

Tho appoitntnco of Iho Ijondou Miarmacopaoin srininlated the 
pbyuifinns of many other cities lo pbiirimicopo<jia 0 + In the list 
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ttic Pniia, AuLworp, OniescK r!!dijibur]gli, DubJIu, and oUiora uador 
tlw utuncs of RoutUititiB, ns t’jtiasiii, Saxony, Wdrltt'jnliwg, nml Spuin. 

PBAHMACOI'OEIA OP THE UNITKIl STATES 

It WAS chiefly tho Phurmaoopoojas of London and Kdinhuridi, 
bowotror, which iruriiired tho firtt edition uf our own United Rtute? 
Fhomiacopoeta, 

To now turn to our own phmmacopouu. We arc nccnatottind, 
in tills {'cncratba, to Accing utriugs of the Jotters of tlia ofpbatHit 
eveiywliorf wo turn. TJus » so coiumon tlmt otia woudofB if tbore 
might not Iw a dc&cioiicy tmd u tided for new symbols to empress the 
tiiiiny govcmnienta] or other seti^itids constantly beforo tJio public. 
TJiis ciisUMUi was i^delj cstnbtiehed during tjie World War (IDH- 
18), largely in tho British Anuy, but has devoJopei] to o ntarimum 
in our own period of the Kew Deal (1933-80). IliWc'Fpj-, Jong 
twfore die utphubetie symbols of the Worhl War or Uie New D«iJ 
were iliriist upon us there Lave been Jitiown iind used by phyajoJanB 
and phurmaciete three significant letters. TJicy ore '^U. S. P." 
Today tJum are often seen by tin- public, nnd should hove a meaning 
to tJiH evorydiiy moi) eomutnosurate with the imporUincc which 
they hold in relutien to health. "U. S." oatursily means the Uidted 
Rintea. “P,'* stands for a word long established hut not oftsn used 
by tlio publiir—the word "Pliarniacopoem.^' 

These Jotters, “U. S. 1'.”, arefrequonUy found upon labels of md'dict- 
nal substunces. They follow Utci title and indicate that tlte umterinj 
in the pacl:^ or bottle maiutouis tho standards of strength and 
purity cetabUahed by the Pluuinacopucia of the United States. Wlioa 
a phamiscist ordcis medicinal substances for use in numu/adture or 
in the tdiing of prescriptions, he iisiudty writes '*U. S. P." ou ilio 
ordi'r. By this means he is assurctl of a liigli-gradu product, Uiuforin 
in quality and suitable um] safe for medicinal u.'hi. if, when tite 
ioyman ontere a drug store and pureJiuscs oerLiin of the cornmoiuly 
used mid well-ustablbihtnl home iiiedidnes, he insists upon hnTing 
U, 3, P. quality, tJiere is Uie siuno proLoction for him as for those 
etuuiocUd wit)I the pndaaaluns. 

llnifornuty in quality such as is now iiisurod by IJ. S. t*. standards 
was not ulwn>> ublnlnobln. The dcceJopiiient of superior quality 
lutd eonseqticDt eiScieney in mcdiniiutl eubsUiitcea represcuts iiiaoy 
years of rooperaiivc elTort on the piirt of phyridatts, phiirm arista, 
and this Governtucut* Wi« are furtunatn in haring at our command 
this aecuniulated nsperienea oiid an orgunkatiou wLiclj eelftbliahes 
stamltirds for mciliciuo witliiti the United States. 

Ai* haa ulreaiiy lieaij intimated, it ersB customary in the Auu-rican 
roJonics for physicians mid ajKithecarios to cinploy the plmrenacojHn-iaS 
of Eurojio us tlw busis for the mtidieiittn, Tbeeo wiire gmcridly 
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recognised t& etjmdtirdmHl. In the linglish cotomee, die Phattiia- 
copoeiEvi of Lomten anil of EdinLuigh ww wnplfiy<Hl, intt stHin after 
til© ©eiubliflhnienl <if die Hepublic tlift jJoisjFtbiUty of Itatiiig a notioiiAl 
pharmncopoek for the United States of Amerirti waa rwogniiiert and 
given florfoue consi do ration. Whnt ia often spoken of as the "Fiist 
Aiiicncsn Plisrtnaeopocin’^ was s smnlJ book or fonnulnr^' vomiiUod 
in J778 by Dr, VtUIiaui Brimn for use tn the hospitalB of die Unitod 
States Amy. Tho limited scope of this publicatioD sjccomited for 
tlio failure to have its ns® extended into g^'inera] nnvliesl pmctioe. 
However, tho phyaiciniis In general prsctico wero ambitioiui to eslnlH 
lish iJj^ own sUiudarda, mid in 17S7 u &muini tee of tho (Jollicge <*f 
Fhyeieiims in PLilndelpim woe nppuinted for diia purpoao. 'l‘hor© is 
no reword of any report frtuii tlmt committee. 

In 1806 the Maasachnaetts Medical Society wiw responsible for 
tho i^iauce of wlmt Iwcams known as the Mossadmastts Phanna* 
ooiHosia, blit lliw had only a local uao and also was Ibiiiteil in its 
In the main, the Massachiisetta publiculion was based ypon 
tlie Edinbin^li Fharmacojioeia. Tho anbjccL contiuned to bo agi* 
tuted, and variona modicnl cantera prepared prelimiiiary compilations 
ainhodying local or native plants, the Modicu] Society of Sonili 
Uarulina having done tliia oa ciarly us 1798. TJie stimuli neaulting 
from tho apponnuice of the pliannucopooia sanctioned by tho MecUeal 
^icLety of MuesaeliuBetts was tho nucleus for incroased interest, and 
in 1816 die physicians and siiigcona of Kew York had orgonized for 
tin* prcipnration of their own phormacopocui. This appeared in IS 10, 

To one »uui is univereally give t he credit for Lius uiapimlion and 
Uio oigamsing ability wliidii brought into esiateneo tlio firel ediltoit 
of our nalioiud pbannuL'opooia. That man w'aa Dr. I,^^man Spalding, 
He bad long recoguiawd tho importance of thia step and b knowii to 
baya dtticussed tJm question witli Dr, Bitrlon, of Philadelpliia, wlulo 
vial l i ng in iJiat city in 1805. Ur, Darton w'oa a professor of materia 
medica and editor of the Medical and Phydcal JournaJ. His lai* 
laiiicid gardens luid ut that tinio acquired world famo ao i l in Uieso 
gardens bo bad particuinrly cultivated nativo niediclual plants. 
Dr, Spalding preaontod a weU-fonnidatcd plan to his New York 
collongu^ in Jaiiumy of tSJ7, and a committee was appointed to 
him in duvetupmg the program, Thb committee met and 
inytled medical urgomsatious m Amenca and abroad to offer eug- 
gealious and to iend tlmir support. In accordanca with tlmir plan, 
secUond conviuitions were colled to consider Llio proposal to estaUUah 
a pharmacopoeia and caid) (o send plans and ouLlIuca. Two of tlitsie 
sectional convcniious mat; on© in Bosten and llic secouil in niila- 
ddphfa. A third called as a '‘Soutbem Convenden'’ failed to aeoiin} 
a ituonim, but amuiged for ilelegaUa to utieml tin- WnahingtoJi 
cdnvi'jitiim as did also i hosi; inviietl to fnnn a "Weatern Convention.'' 
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At till] prelimLDary meqliugs ia Boston nnd in FLiliulolpUin vciy com- 
[>loic droftA for a pmpoacii phorpjMJojJOciu were pnepaKd, tlie con¬ 
tents tieing Inri^oly bused iiptin tbs llkcu ciirrenL plinmiucopocias of 
Lonilon^ Edinbuif'lii and DnbUu. 

MKLTlKtS OK iS20 

Following out tlie plan, ropnHiotitntivee of theso soetimisj. conven¬ 
tions met in Waabington, D. G., in tbo spring of 1820 and, after giving 
considoiratioD to tho varioiis proposals, uppoiiitcd a coiumlttoo to 
write, and edit LUe new FLanuucopoeia. Dr. Spalding tiaanmiHl the 
responsibility of dmnuanehip and editor, several moetinca were held, 
and the new phartnaoopocia was issued tlio foUowuig December. 
This new book of atasdaids rr*ee1ved tim geitonU upprovaj of the modical 
profession, imd wiiiJe tJicro were some criticisms, tiie a tail bud been 
mode for natioiioJ ttgTi<omeat8 U[>on the liiloa end qiiality of American 
niudiemea. Over 100 of the titles in the primary list of niedicbiid 
siiljatances in this first pharinaeopoeia have bean cajried forward into 
succcofling TOTisiona, shou’jng the careful character of the seloctions 
cud tlio rather rtuuarkablo knowlcdga of medical substances nt the 
iteginning of the wneteenth ccutury. 

Oue iiiiportant feattiro of this book was the number of formulas 
for cliemical substances hy which the upothocory could prepare or 
purify them for medicinal use. The list of vegetalde ilnigs consiaU'd 
mainly of titles and definitions with little effort further t-o standardize 
the substiiuices. There wore, of course, rorjindos foe making the 
popular prcpamtiutis of the day. In accordance with the traditions 
of the profossioTi us ejfcnjpJitied by tho phumiacopofliaa of that day, 
the text was printed on the left-hand page in I.>atiii, witli I ho tronriu- 
riern in Engiioli. on Uio right-hand page. 

A fontiiru of Dr. Spahling's nriipniil plan w<as the rousscinbling of 
the ootivention in eiudi suceecdiiig decenniiU year for ihe conaidcra- 
tion of further revision of phnrmaeopoefal stoadarda. Tiiis prognun 
w'as cniricd through auccessfolly from ilccade to decode, with a widen* 
Lng mteresi, and with tiie addition of piuirmudsts to tho delegates 
at tlio 18S0 con van lion. From 18201 to tSTCl the general style of the 
lliaimacopooia rpmuined the same except fur Dm omisatou of Ijatio, 
hiiginning in 1840, mid the ndditioii of new medicines ns tliese were 
dovclopnl. 

During this time the ratidi phimnarisls made most of their prepam- 
tions from selected raw uiutorial, often collating thoir own vegetable 
drugs, and tbarc was no iiocil for ttistis to prove that tlic eliictal products 
confonued to l.ha staodard. Uoivcver, wiien liie Idmo ctimo lor the 
preparulion of the Pharmncofiooia uf ISSO, n uew conditinit wtm rapidly 
daveloping, The.ro hiul now grown up in tlia United Stubs n number 
of chcniicel and ]iJtarmfleciitlcBi nianuftiatureni who were ludling ready- 
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mil do Ifl liie r(Ft>il]«r, and tins reJfttivcij new fimbicm mud e it 

nG^osaary to introdttco tests and atandards to check Llic pnHducte 
which weno bcini; sold. Tids hc^n a hl'w pJiase in pluij*]iiat<upooinJ 
activity and targidy tdtared the appearance and chametor of the hook. 
Hhto was the aame careful selection of thempflutically ini[)ortant 
snbatanccs, botfod ufjon t he needs of tlig nKHiical prufessinn, and Itt 
many insDmccs ihorD mnained the manufacturitift fonmdas fur tiniM 
who dusired to ufte them, but Lite nutstutiding now fcainro wna a 
acrieg of testa and iifisaye whereby tho finkhed product could be 
flubiectfHii to a elicck upon its quality and oven rejected if there was 
failure to meet tho roqiiiremonts. 

With the expansion of the soiricea of tho manufacturing piiaimncist 
and ehiynist, the I’hannaflopooia dropped most of tlja methods of 
production for chemicals and also many manufacturing prcK>es8ea for 
p harmacoii ticaJs. ^Licse were axcludird l>ccauac it n'aa now no longer 
possible to make them tn the isliop of tiie a^KtChccary wttii a jit degno 
of economy, but proportionally tJia teals for etrength and quality in¬ 
creased. Teste and aaoaya have now been stUl further wpiuided and 
are an essontia] part of the ntndom pbarmneopoeia. tJp to this 
time, practically ail of tlip important nations of the world bad tboir 
own iiliannacopoeias, liMth tho increase in iruvel throuj^miit tho 
world tlmrs began to bo agiLatcd, during the latter port of the uiiio- 
toenth century, tie idea of on iutemationiU effort for tho elaiidardi- 
zation of tnediemos, Tho fact tliuL patteiite who had ttwrured iiicdi- 
cines in one wnuUty later had difficulty in having Uieir pmswriptiona 
rraicwcil uhiewhore was the excuse for such agitatioD. Orcut varia¬ 
tions in tho strength of prepamUona and even in the quality of drug 
was shown to bo tnio in dllTnrent national pliiirmacopooiaa^ und con- 
sidcmblc tlTorl wua made to doTolop wlmt woliJJ bu known as an 
inturnational pharmacopcjCJu. But Ibis did not meet wdUi genera] 
favor. Thifi Is nulurid, since national priilc enters into the piiblica- 
lion ojitl eJjwi fiuniwmentid dilTeTi.mces in the prae tires of viirious 
001100 . 1 , Sfi that strong opposition developed immcdijitely. 

The nationa were lint nblo or willing to agree n[M>n one book of 
stand unis or fumniilas for miajicincs, and the iMea of nn iiiteniationid 
phnmmcnpocia was nbartdonod. flowever, Llicro t'amtj a happy sug- 
geaiion, origjimtod ajiparenrly Ijy the phoriiiacdste of Bnissets. This 
embodJet! the idea of setting np intornaliona] agrceJiicvnte for specific 
itcitis, these to Im) the more potent miHlicinas. On tbu invitation of 
the Belgian Gnvj'njmcnt, the viirioijs nnliona of the world were oeked 
to Hpmi delegates lo UruBsels to consider the cslfiblLihmonl of such 
stand aril 8, and (he fiist conference was coiivcntNl in 1902. 

By the plan tirinouncotl, no notions would lai inilucnced or per* 
auaded agniiist their wills Ui iiitopt in liioir fortiicotmng pharmaco¬ 
poeias tho nceoinoiiuitltai iitrangtiia. On the ollior band, there would 
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Im* tdimy adv&Dtagea to <uicb n&lion to h» ve imifonnit)'' in ttin tUvngth 
of Uie mofO potent rcniodiia, and tlie plan met witb fritla favor— 
nriftiiiiJig aa it 4iii tbe mliorodl integrity of eacL nntlona.1 atimdard. 

By tliis egpcorofint, nJ] iirtporalions conl ani i nj* arsenic warn made 
of Utiifonn BtrenirtJi. Many oilier ptofuirotionn wliicb would lio 
poisonous if taken in eicai»iv« dose were brought to a unifomi degnm 
of stiwgth. For in6i4inoc, n very imtmrtant doss *}f prcpamtioiw— 
ibo tinctures—wore made of Id percent strength for nil of tlioso which 
ware lughly potent, including preparations of sudi drugs nsdigilalWi 
capsicum, upturn, aeonito, etc. Trior to this agreement, tlio atrengtltf 
of iKitent rincturra vArie4 from 5 to fiO percaut, and iho new uni¬ 
formity thus dmiinntcd tlie danger of abnorumi dwutgo or infisrtor 
thempeuLie effoctn wliich might have rttsolted from the filling of a 
fondgn ptooctipticffl in h local apothecary shop. Tincturea of leas 
nett VO drugs were made UO ptrccDt, 

THK FKUKaAt, FOOP& ANI> imtlGB ACT 

During tlic first. 8(1 yeniB of the esiatcnco of tl» PhammiHipeMiiii of 
th« LTuited States, conformity to its atimdards wns vnlutitaiy. 11 
epoaks well for the codes of othios influ onoing the medical and phar- 
nuicciiiical prafosaionis Llinl this national! standard was widoij fnl* 
lowerl and (he purpow of Uic pltamacopoeia thus luinied out How* 
ever, for the maainium of onjcjency, it was hoUovod kuiwmat to 
enact lows which would enforc* uitiformity in stalldanla. Sovwal 
Slates hud undertaken the pnasago tind tlio enforcement of uucfi law's, 
and tiic question btfconia a uaiionQl issue. ITtidor Iho aggressive 
Icadersliip of Dr. Harvoy W. ^Viloy, Chief of tlio Bureau of Chctalstry 
■if the Dcp&rttticnt. of Apriculture, and with tbo enthusiastic support 
of maiiv phvrielans and phormaelste, thoro w'os bit rod i iced in to Con¬ 
gress and siiccai^ftdly passed W'lvut hue become known the Pederah 
P(hh 1 and Drugs Act. This law whs actually passed in lOOG, Under 
this tegialariori >t h required tlml oflioinl mfixlifiiuil sulisUuir.es shall 
maltitain the strength and rttnfnmi to Uio purity fltuiidards of the 
F^artuacopocia when sold or dispensed as madieinesundar 11 is ofliciai 
rtsinra. Tliero Is a provision in tiin law wlvich perroite a modiiicaliou 
of tiic ofltctol Etuudords If this net is dearly indjcaUal upon tiie laliol. 
This is kmiwTi hp thr "variatiou clause*' and is iuteiiiled to jirovide 
for ptstUiohle moilifH'jidons in official slaiidnnda such as half-strength 
tiiicturo of iinliiu’. Tlu' htwie principli- underiying tliia law Ls repro- 
sentod hy the |iritici|ile llmt, "The producl must always Im inie to 
its hihi'J etatenicnt," 

hV^ltowing the establishment of tliifi riiitioiiti|-drng law, which is 
operative only in interetatc coiniuorco and in tho District of Columbia 
juid the Terri lories, most dilates pansed similar laws to enforco the 
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onifonnity of sUndants for mcilidara wiUiU) tlmt State, loepociore 
wene af)pouitod mid Hpocfntly truinod cliesuste Uavin^ eetahlishHl 
elie&ucat Inborn tones wore tlovoiopcd to enforce tiioae la^rs, and a lufth 
degm of tinifonnity in niecliciucs was thus estnUbJiiK]. Itcemtlj, 
Congnss mul Ltio nn.'ilicsl amt drug world Imve been JLgii&tod by 
proposals tliAV tim Fedund Foml end Drugs Act bo revised to 1>« 
tniido tuori! elToctive mill nlno ki itidudo uomnetics within ite scope. 
So fer this luw bus not been pnsscitf elthougli several droits bare 
been given oarefiil etuily and are now [Hinding in Congrosn. 

TLore is wide approval of such added legislaiiun in iho interest nf 
public hoaith, and those who nre afTecicii have largely conperated in 
trying to develop appropriate and oufomeablo taws, 

KEEPING TUB RTANJ)A[tDS MOl>BFl.V 

n tbc dcscrijjtions and formuios established for medicines in 1&2Q 
wore in force today ib^y would t>o entirely iimdaquato. New mcdioinsl 
products am (sonetontly developed tbrou^ Uie activities of medical 
reacarcb. Should tlioee prove to bo important tlmrapoutLc agente, 
Uiey properly find a place In ilio next plmnnaoopoeia and they cell 
for props dy dovolopod etojjdiifde. Products which have long been 
offioioi frequently need modt^sd test* to control their dogroo of purity 
or to letter detennine their etrengtlt. Again, added testa an* some* 
Limes needed to cheek newly discovered foretgn aubstances which 
appear in compoiimlsi porhafui becaiise of modlilcationB in manulac' 
turtng ppocodurn. In other words, there U a censtont necessity for 
reviewing the Ktandnrds of ohler conipfiunds os well as ostahlUihing 
tesW for Uitwo which one new, 

In the lost PharmaeopneiaJ Convention, held in 19^10, the delegates 
were mostly froxii the national and State associations and the colleges 
of both medicine and pbarowey. There were also representatives of 
the departincnls of d)o (lovornment mlerested in UenUh. These del¬ 
egates developed the goneral |hjUcies governing Llie pbarmacopneial 
roviolfm and olw aboitofl Ibe xnembcTs of the eorainittee of revtsicin 
to rovise tlie stundarda nnd a board nf trueteM to direct tlio businosB 
aide of tbe organi?,atioti. The vomniiltee of revision of tJic 
pharmneopoeift numbers 51 with a large group of eiixiliary memlwru 
selected for their Bjoctal ab5ity or knowledge in specifia scientihE; 
fields. The medical membere of Iho committee oro largely bold re- 
spimsible, hi Lho inllioi st ages of rovialun, for selecting the medicuial 
aubstonces which are considered of suITlcteni importance to!» ofEcioily 
recognised. 

1110 olbar memiatrs of the commiitce are phurriiarista, cbemIsLa, 
botunista, bacteriologists and otlieiv representing the many related 
sctencos, Tlicse members nseunir the rwp^jnHibility for fixing stand- 
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ards for those suhstanees which arc admitted. There b mjcd for 
thorough knowledge of tJie botanical cheractoriatlcs of druj;^ and Uio 
setiiDg up of standEuds for these. Hero the uiicroacope is an important 
acientilic Instrumeut in determining tiio ([uality and identity of the 
dnig. Tlio plant stnicture or soma BpociGn microcliwnical tost giving 
distinctive eoliira or cryslaJa or reactions enter mU) the preparation 
of standards. 

In a numlior of instances whore there are specific cryalailiOK prin¬ 
ciples of the Hlkaloidal type, as in omcliana, which contains quinine 
and related alkaloids, as in niu! vomica with ita active principle 
stryelinine, or in opium with morphine, codeine, etc., ns the active 
agents, or in dregs of a similar character, teste are required by which 
these highly potent crystnUluo principles are extracted and their quan¬ 
tity uctuaily w'oiglied or othera'Lse estimated. This tnci.hod of prfi’* 
eedure b known as a "proximate assay," 

In other dregs Uie activities are repreaenied by aiibstancw which 
cannot be esrtractcd or weigheil but Uie potency must be ineucsurol 
by tlieir action on animals. For iustamre, the very important driig 
ergot Lea witldn it various alkaloidal srabstonces which produce dls- 
tittctivo pbysiologifi elTccia upon living tissue. One test, which has 
heou widely used, depends upon tho effoct of one of these principles 
upon tile comb of a rooster. Tbe change is due to the contraciion of 
the <;a[>illiirl«i or aintdl blood vessels in the comb, eaiiauig it to become 
darker in color, mul the degree to wluch this U affected by known 
quantities of the dreg, in roinparismt witli u etatidurfl^ U one means 
for delomijiilng its potency. fJthrrp blolugiiuil teste, registering the 
actual effect of a drug upon an animal or one of ite organs, tuusi 
ho used for the atandardi/flliou of digitalis, aconite, pituitary, 
epinoplirine and wuiilar important and pow'erful drugs. In other 
rases, the al«enue of toiicity in ti cliemicol euob us areplMomiuino ia 
determined by injcctitig ihe eulfsUmce into mice to aseiiro freoJoro 
from dangerously teiic Bubstonccs which might oUicrwiae [irovo 
foiai to a patient, Otiicr nicdlcinnl agenta, chemirnl in nature, are 
standardized by (riony ingenious teste, 

Frequently a reagent will bring almut a ilistinctive color or a 
precipitation or cause some other reacUon wbicli indi«;atcs idenllly. 
Tltcn tbe substance is usuully tested for fori'Ji'n aubatuncos or udut- 
teronte ami again distincUva reactiomi resuU when sLonduid reagents 
ure added, nml these imlirate I he itlxsencoor the presence of such for- 
eJgit suhslntlces. 

In the msnufarturing of eliGimcals (bare is always danger of 
introducing foreign jiietoriiils. These may come from the aiEpnratus 
used in numufiicture, or from the chemical substantia entering tbe 
process, or from other causes. So there are usually teste to cschidc 
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rotmncn udtiiUsmntd. Aufitiicr iserioe at fur Hlinost ivll 4;hemu;iil 
^ubstancGs dmid with the identity of iJie pro^luct. 

Chouiicftb llJ1^ (ilso frequently o«s(tyed by quit o tit iitive met bods 
to dotcnuino their perceutuf^ of purity, i^niatiiiiGs this is a simple 
cboinii-al reaetian such &s the neiitralj/ing of un ucid witJi aa appigo 
pmie amount of standard alkali, tbo indicator sbouing by color tho 
point of neutrality and ibe calculalioD proving the degree of purity. 
Other oasays are mttoJt more complex but the objective Is ideuticul 
and tbo testa so applJfifl that excessive a mounts of foreign eubstancos 
will l>c detected nr the ofTtrlaS quality of the material under inv49iliga> 
tinn verified. Fm^ucutly Uie ingesiiity of the ehembt tried to a 
high degree in maintaining sccurncy and skill in carrying out these 
teats. Some assays are relatively simple^ os for instance in the oint¬ 
ment of mercury m which tlie fatty vehiclo is tUssoived by a suitable 
eolveui, lonvitig the metallic mercury w'hich can be dried and weigliod 
to dotermine the atrength of the ortginul ointment. 

In recent yearn, a new series of testa have been developed dealing 
witli tlie vitomin activity of cod-liver oil. Only a few years ago it 
was demonstrated that there e.'uated in tins raiuarkable oil at least 
two factors which were essenrial fur health. A defltieucy of either 
of these in fauiiiuns, and eapeciully in cldldrcn, is often the cause of 
serious physical defects. The amount wddih is present in tho oil 
nnder examination ie detenniuod by feeding it in measured umounts 
to rats which have iMsen kept on a diet free from the vitamin under 
tost, and with tbo anituul comsoquetiUy suHcring Ibe churactoriatic 
dofictemy diaeuses. Tlic cuummt noceSBary to restore tlm animal to 
health indicates tlie amount of tho vitamin present. Tho results of 
such asauys ore based upon the averAge of n number of tests and con 
only l» decided when they liuvo been carried out over many weeks 
of expcrimcntalion. 

That tlnffiO ofhctid tests for identity, purity, and atrengtb may be 
effectively curried out, by both the producor of a product and the 
ofTiciitls enforcing these standords, theno in the necessity of ihorougb 
training and exparience for the scientiat I'artying out the testa. This 
army of exporto, guarding the maiiijfnt'turar nnd lus produuta, and 
thoso supporting tJie activities of officers of iiiftpeotioo in the Federal 
end State Gove rumen Ls, raprosont a large group of scientific experts 
wlio are iwii vcJv ©ugugiKl in mi iiuportiiiit jjart of thu health program. 

The mmbera of the iwinmiltee of revision serve volimtaxily ns a 
rouiribution to the pporcssioiia and to public welfare. Tliis prlnciplo 
of voluntary service brings about an uiiiiHUal degree of cooperation 
lictweoa tlio onforcement oflurials uf tho Govenunent and tbo luanu- 
fneturcrs of medicinal products nnd tlie expurts in these fielda asoo- 
I'iuted with colleges and univeraJlice. 
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While tuii]ilmii4S hiis 1 m«ti plarOfl U(Kjii Hit* PlmrriiAcupociii ti Uio 
hook which fixea th« ittundiitYJs for tuc«Jiciiia!i witliin tiu! ITuttoi] SUit«9, 
a second book caliiod "The N^atiouel Fonnulaiy” (ahhrevuita] "X, 
F.*’) is &!so recogniiod nDtier tho Food luid Drug Acta, And nuKticuuiJ 
products sold under titles fcniud In that book must conform to its 
sliuidiirds utiioee a varindoii ia cbarly indicntod on tho labol. 

TUo U. S. P. wild N. K ftre not dupUcatos, but each occupies a 
ilLMhinctivo place in the ntcHUcal field. Tlio contents of tljfl pbarmn- 
i:o]Miciit have nlwayia roproscutoil n eulcction of Uiogt* tharnpeulicuUy 
aetivo tigouis which, in tlitf juil^ciit of liie luvision eommitloe, were 
Ltio most important of iho deesdo iit which the Fiinruiacopoein was 
issued. It uleo recognized such nthor suhstiuices es might be needed 
to standardize or from which to preparo these selected medicines, 

Tho Hiarmncopoeia niBO restricted most of its therapeutic agents 
to **8impJ<at’* nthor i.lmii to eombliiatiotm of thooe on the tJufory that 
a phj'filciun should wHto a pnaicr)pi.toii for eiicJi patient, combining 
liie medioiiK^, wlicther ehumicnl or other substances, in tho pm]ior- 
tioii ami with Um rcluclu which he Itelioved beet suibed to that 
particular pulii-nt. 

Tim National Fonnujoiy, on the oUter hand, admitted and etnitd- 
onlized other rnrdicinea which were sometimes used by plijiudans but 
wliich were not believed to Iw of sufiicieot jmjKirlfince or suitable for 
lo Ihe U. S. P- TJie N. F. nUo admitted aonio propars- 
tioiw of U. 8. r. simples in the furiii of solutions or combinations, 
nJrcjidy prepan^d and euilable for Uie phyoieian to prescrlho without 
do vising Ilia own preacri]ition. The N. F. nUo contiuiied tunny older 
rlmgs and preparutious For which there was isuiiif' detnand and a few 
new prurparntions which had nut yot been sufiictendy proven to 
rocoivo phamincoptxiial ncccplnnce. 

These two hooks, tlirotigh their rombiticd polidcs, iiro oxpt'CU'd to 
Include uud stundiLrdIzo the tnedioines which ore most frccjucntly 
]ir«scnhetl by pliyaiciona withm the United States, but as they can* 
nut give recognition to paierttod or trHde-iuarlted medidnos, or thoso 
wliich arc scoret, llieto are many othtir medtcbuil prmluctn sold within 
the United States under private brondu for whicli there is no olhcial 
stemtunL Howorer, under the Food and Drni^ Acte, theso unofltcial 
products must conform to tbo claims made for Uicm by the nuinu- 
f&cturer end, while this is frequently avnded by tho omtsriuu from 
the luhol of any sireciEc statement os to strength or purity, Lite lew 
operutre offocilivcly in some instances, especially when the priiduet is 
H pill or Uibli’t of tiu oJIIcitil sulMtonco end ila strength itiiisl, of 
uiicesiity, Ito given. 

Anotlior present-ciny publication should efso lio menlmned, itlLlimigh 
it is not «u olficiet puhlTcation end ito stumlards ere not cnforecablo 
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under the Food ooit Druge Acl, Hub ie liio “New Aiid KononiotAt 
Hoini>d!es“ of tUe Aiitertenn MedioiU ^VsBoolalioji. 

Tbin f^ook mostly pn>piiotaiy iticdicince, but only those wLich 
comply with HgiiUy o«tHblIished nilee wliicli itru OJifort.'ctl t>y tbo 
coundl on phtiniiuey und diemIstTy of the Aniei-imn Mrdird Aj^iso* 
cintion. 'rheao rules require tho dinunntion of aU eccrete as to 
identity nnd composition. TJmy nlso irfntJnto the typo of RdvertiiMJig 
whidi nmy be used for nonprofefisionol publicity. All fiilse or mi*- 
toading claims mnat lie AToided and ilia title miist be accoptAblo to 
the council anil must not eii|;gGet ita uso in treating disenju' through 
Bolf-modication, 

The force of this publieatiun reddes in the df^trr of (hi’i owtior of 
tlie produei to occupy a fovoruhin petition liefore the pliyaicittna 
of the conn try Hiid in ihi'i rcsiu'Ct it hoe reiuloml im imporl'Ant fterrico 
to the ntmliciJ world tlirougli the mainUiuEng of bigli atimdiu'ds of 
purity and promotion for manj' nicdiciuos whiidi couhl not be oon- 
trolled by the Food and Druge Act under tho LI. S. (sr N. F. 

Stilt enotbef publication ebould be given rocoguiliun in the fluid of 
modirtd standordfl. This is the Ofnela) and Tentauve Metlioila of 
Anidyab of the Aswiciotion of Ofiicliil Agricultural Chemiafs. Thi» 
is A compilatJon of ataudank und anulyricuj mctlituie publkinKl by 
the A. O. A. C. end Accredited by tlni S«rctaiy of Agriculture of the 
LInitod States for nao in the enforcement of food and dnig stAndnrds 
in notions beforo tlic courte. Ttui meilinds for testing wore primarily 
for food, but niothods for testing unolticiiLl drugs and iiroparaiiotis, 
espociuIJy toiblota, have been added end tlrus establbh on ndditiimnl 
biLsk for Uic ntanilArdhiatioii of nimleni incdicinctir 

Tn E 1 NT I; tl NATl Q NA f. STA N'U A fl RF 

An GLKpluniitian of the otKierviiliunn of the srHCBlIcd Brus.Hc.le 
Conference Une ulreatiy lioen made, This flntt nn't in 1&02 ami a 
second sciiAion in The intcnifltionnl cbnmctcr of this conference 

is indicated Ijy the fact that in IU23 the rcprosentatiTca of 32 nationp 
pArtieiputod. As haa been expiatned, the Bnissela Conference agreod 
upon uniformity in stuudords for poiont mofjjoiucsj aIsu upon the ports 
and vnrioriHi of the drugs to be naod mul calablished mtomaliomd 
titlra. recommcntlatiunB were left to vuiimtaiy iidoption by 

tile participuting nuriona in ilieir inriheuming stBiidanls. Ncisllees 
to siiy, they hoTO been triddy Accoptet). 

A new step in internntionof etandardbatinn was Imnight about 
through the establishment of a Iloahh Oi^nbAfton ns a divlrion of 
the Ijoague of Notions. This group hiw lioon pfiriicnlarly intcinsted 
in tlm estahlinluimni of intomutional stntuliirds fur n dose of mediclnaa 
witidi ore evatunted by testing on animolB. It hun tiiiiJortiikon riic 


450 ANNUAL RI^PI JUT flMITOBONlAN INSTlTtlTlUN, tJKIT 

dbtnbijtlon of tli€so ihrouglioufc the ^oj-ld 03 ii Imifl for uniformity in 
3ttmdard3. In tho biolo^CJil dimiDti of the organization^ intor-^ 
riatiozial Biandards liava bean eet up for di^ltolb and posterior pituitmy 
And also for Uie unit valun for vit-amim A and for VLtamin and 
for vitandn C and for tho oostrufl-producing or ovarian lionnono. 

Intomationd Btamlurtla liavo also been adopted for 30m o of the 
biobgicalB including dipbtboria nntitosin and tetonna antitorin ivnd 
aIbo for aj^piionAtniiio and iiiBulin. This iutematiotiai service is being 
utilized hj tbe piiarmacopooias of (ho world in (ho cstablisiimeul of a 
uniformity in iwtency for thtsflw xory important zneiUcinea, 

PROmSED SECKirTARYSUlP ON PHAKMACOPOHIAS FOR THE 
LEAGUE OF NATIONS 

The latent move for intemaiienAl agrcnnijaiit on pharmaeopoeiat 
standards is on outgrow^Ui of the lost Bruasera Conferencen Tim Is 
tlie propoonl that there shall be established as n divh^n of the ileslth 
Qrgunizatio;^ of tlie League of Nationa on office under tho supervision 
of an mtomationa) secretary for pliarmacopoeias under wljc^ directiozi 
there can bo assembl^xt for the benefit of all nations the scientific iacle 
which have a bearing iij;>on the standardization of mfidlciria] substances. 
At tha present tims each narioiml pharni&copooial commission is coni- 
pellad to ASBemlde this informatiotL mdepondeaily and of necessity 
with a vatying degrtf^ of oomplotcnoss. If this were done for all the 
natious of tlie world t hrough this mtornntioriBl organ ization^ such a 
compilation of Utoraturc and exxwimeninl data ccnild be Issueil to 
the participating nations in Llie imgongo which they could um^ and 
tlms aciothor workable phase of intornetiouAl coopo ration wxnild be 
OAiablishedf contributing to tho general health of at! nations. 


THE HEALING PHOPERTlES OF ALLANTOIN AND UREA 
DISCOVERED THROUGH THE USE OF MAGGOl'S IN 
HUMAN WOUNDS' 


By \Vtt AAt.M RuBit4n034 


A few ytt&TBi agcf Dr< Williimi S, BiM^r new and 

unusual treatment of alf>w"“hi’alLiig wounds audi iib the peraisteni and 
widoBproad boni* diseasa known as o^teoinyciitis. Storikr blowfly 
maggote wore placed diw:tly into w-oimda that had failed to heal 
undor otiiei' tn^atinents, mid after a fcw applications of maggote the 
wounds m general become cieimor and healing began to tuio placen^ 

In the early wnork of Dr^ Baer and bis associates^ Dr, B\ Bishopp^ 
of tho Buroan of Entomolfigy and riant Quarimilno^ called upon 
to aid in I ho devdopment of methods of prorlncJt^ aoigir-uUy stenle 
maggots in ample qtiautity for the aiiigeon^a use. From this eaify 
boghuiiiLg entomolugisla bare con tinned mvcsiigifttionid work in this 

fisUL 

Tlie prearat report is a popular review of tho subject to date. The 
uriginat articles desi:ribiXkg in detail the nature ol the research and 
the resiilta obtaincKi have been puhlislied chiofly in medical ionmals 
listed at the end of the paper. 

The Baor maggot treatment at tracts] considerable attcntioii, and 
spread rapidly UmMighoul llie Unltejl States and into Mexico^ ^nth 
Am erica, Europe, South Africa, and Auslnditt. 

Such a novel method as this aroused a good cleat o! interuat in the 
manner in whioli maggota could produce beneficial resutts in stubborn 
discharging wounds. In nalum the maggota feed upon dead and 
decaying oniinsJ inaleriid, and iliis loathBomo habit naturally sug¬ 
gest^ that in wounds the maggots rrmovo m>CTOtie iiasue and pus. 
Kobtnsou and Norwood flQ33} found fitriher that tiso maggola are 
able to digest and dcalro}’ pits-hirming Imcteria. TliCsifl habits would 
account for the rlnaner condition of tlio wound and thereby make ii 
more favorable for heaiiuif^ Tho prt+greagi of healing in resistant cases 
of long standing waa sometLriiii:!a puistaniling, howoTor, and indicated 
that tho maggots were not only acting as scaveugera but were actually 
mjocting a potonL healiug substance bilo ibo wound. 


«CdnuilRLtliMv tnm vtm nivMon of Iumu Aavtlm ^«a mtsA Anliiuili, Bmrau 4it KdEjuuhAi^ imd 
riiLfii Qum^uem, cr. a. nwnnum laf Affiniiium 
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A seurcU ffir tLia Uniiliug wa« Uim'fiiit* attc:npt<!tl, Qu ihi^ 
nni} |iu»d n-Bs Uii? ictortsting phnntuMi'nnri of blowfly inaggota Hppar- 
ently producuig i^oioetturig Llmt i^tiuiulutw hf^aiiiig ui Imtiian woutuln. 
On tho other h&mi waa Oie biologicHttl roruiioty Umi mftggota would 
not do this ijiorcly to bcuoTit their host'. Throughout id! nuturo no 
orgAoUni doos hny thing primarily to bonuftt an unroliitod mdh’iduat, 
Any gooi] c/foet aming from Lbo Afioocifition must bn tLc) result of a 
owoiitljiry or tuvoluntwy act. In the cose of nmggota Hus would 
tndudu Uio fimction of excrotioji. Ao tlio feral atnl urhiiiry* produota 
of maggola am abundanl nod coDHpinuous, h stiiily of lhr.ni wim 
undertaken first. 

By rnoans of a slmpb oomdalioo tlie prohlnm bccamo fuithor 
darihed. In tlio fltst plscot it was commonly known that the fljipli- 
cotion of tnneorated ombryonio tissues to nonbetding wounds hna 
fre<iuciiliy luuttoncd hoHlhig; iiud the pnistmce of nllatiUdr. fluid in iJic 
embryos suggested lUe main tioiisUtuont, aUiuitobi, 

It wtut also known that In the urlnr of many muminiilB all an tom h 
present. True it had not been rejwrtcd in insects, but urir ncld, 
from which itllantotn b OKidtr^d, U L'uTUiplcuoualy pm^nt. Wtiii 
theso facts as a hods a search was made for allontoin in the excretions 
of blowfly miiggots. 

By the foflow'ing procedure nuiggot oxcrcEiona were readily ob' 
tflinod in sufflei^nt r\tum(ity Lo perndt idoutiilciituiu of albmtoin: 
ScToml thousand nearly riilbgrown maggots were reiuiHl luuicr both 
aseptic mid nonslcKlc ironditious. They were placed in glaea funnels 
which were stopperst ^utb cotton and liulf (illeil with small glass 
bcarls to prevent oveoirowdlng of the maggots. The maggots wore 
occasionally sprayed lightly with water fiom an litondu^r to fudlilatc 
dndnage, Tlio oxcretious were allowed to drip into boaken for 3 to 
4 hours. ^Vlth sterile mtiggois OBoptic toclLnii!{Uo bud to bo used 
ihrougbout tbe coUoctbig proeasa. A thenilcal miolysb of the liquid 
showed olluntoin to be prisiuml. From 20 oc lots of bijlb .Hturile and 
iioiwtcrilo liquid, allantoiri ivaa -icparatcd in the {'tyaiiallijio condition, 
purtlicd, anil flnntly ideutitied by rouiparisen of its molting point and 
its optiral cryslaHogniphic pro parties with Hiose of im nutlicntlo 
sample.* 

Interest wiiH added to t.bo investigation by fliubrig alsjut fins lima 
an article by Macalistcr (lOl-l wriUen 22 yemrs previouaiy m Eng- 
lujul, stating that be bud usc<l allanloui succesuruJly in tho treatmont 
of clironic uJeera, Ife bud obtuineii it from tlie roots of a plant 
called comfrey, Tlie original dlacoveiy of tlm bealing propartios of 
Bllunloin by Macalistcr mat with little responso at that time, and, 
uiirurtiinatoly, wiis soon fnigotten. 

■ tlus U At lkm iihl hlenLffkwLknA at tfv apwimmtM ixirCbniivd bj tlr- K T. CbrL 

Pif lb« nivildl^ of TnKKfiQltM Im^^WJijoi tl* Utmm nf koil I'lul ud 

Dt. M. L KjtaaxL ul ud Ihttf 0^ Uprwttti«nt ^ AjSlmHiit*. 
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Tiie luiiiiutil of iilfiintuiii in niiig|n>t excraUniu is too etnall and tlie 
proceas of eJctrof^timi too iovolvod to mwko its uao iiraoiiciiJ. Moro- 
OTOfi dioro Is (Jio ootiiral disliko of o ctrui; oUt^unod dint way. Fof- 
tiuiatolj, pure aJluotoiu preparod wothiittC4iiJy for acndauiic piiijjoucs 
was iivaUabJe in tho Umtwl States. It is very aU^lly and siowly 
soliibto in wntor, O.ti porcient lioitig satumibit. In Uiou oxperimonto 
a 0.5 jwtrcoLtt solution was usod. 

In cooporntion hilU Lospitala in WitsliingtoQ, Now Yopitj and Pittfl- 
bui^, tiio rifci't of Hlliuitoia iu sdtnnlDtiiig healing was eanfuJIy 
tested, it woB applied on gmiKO dresaings ttionugbly wetted with 
the ftoliitiou and fetinwt?d daily. Tlie types of wounds Ireoted were 
ehronie varieose idecfn, cUrenie osteomyelttiSf and Bonbealing hear 
burns, Aftor a few daily applicutions it bocanto OTident tbai ailau' 
toin wa? briii«inp about an improvement in ttio wound similar to tlint 
produced by maggota. The odor was reduced, the wound became 
cleaner, and aiiiull iLreas of normal pinkisli grenuluilon tksuo could bo 
scon growing m tLo wound. I'lds wna followed in luost cosw by a 
genoral devclopruent of sudi grenidaliou tissue. 

The method of prepniing nil an loin soltition for use vras to beat a 
liter of Htarib nster lo near the botUng point, tlim to add o grema 
of tdlantoin ciyatub and gently heut without boiling until all tha 
crystals were diasolvi'd. Tiia prepAration of A w'ater eoluliou should 
be done with re&'Jormbjy asoptic preeautirius, os Uw soluiton cannot 
be autoclaved or Ixiiled. it fist cuniinereial bnunls of Ihe sohition 
now euDtuiu a diainfeeUnt. Allautoiti ia Ktable, mild, and Whttliiriff, 
und the soluiiuii hua no taste or odor. 

A1 Inn loin is a substanro occtinuig natu rally in nnimnl tissitre, and 
it fe nlso widely diat^il^ut(^d flnioug pbmte. It is a motabolio product 
Btul gftiiornlly n'gnnlod as waste material. When the nucleus of the 
coll breaks down it yields nucleic add, and gradually Lltroudi a proooss 
of eimplili cation luic acid is piodticod. Alan and t-b” ttuuiliko apes 
are unable to eplit uric acid any furthor, luid it bi, therefore, c.tcretod 
iu Ibu urine in that form. Strangely enougb, otber mammilla have 
in Qitdr dasiire on cuayuip called uricaae, whicii oxidirea uric ucitl one 
stop fiirtluv, find the roBiilt is the ronnation of ullontoin, a stable ond 
product of uietubolistn. Many kinds of pisnis produce ultimtoin in 
various lairl® of their atnicture. 

After a considorablo number of obrorue punilont caaoB hud bocu 
tniatod successfully and with no evidunco of irritation or other harmful 
effeoto, A proliminaiy report was publiahod in Uw pToTima! of Bono and 
duiut butgory iu April (Itobinaon, 19:15). Tbia was dona to 
oequainL modtcal readcrH of our llndinga and to enlarge the ttoo[)e of 
tlie ditiica] tenia. Tbo result of tbia report, however, was altogether 
unoxpoi'tcd. NewspafHiis and jnumala took the sUoy and at ititorvals 
throughout tJifl following year ptiblisbed accuimta of it In their pagea. 
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This lisd to waves of publicity ou tho buEiing pra|htirticfi of idlautr^m 
and arcHi^od a vfi3i nziiQimt of intorest in tb& sui}]iv:t. As h coukp^ 
c|Uotioo ft Ituige Dumber of phyBiaiamf anti aurgeonft obtained AUnntoin 
and used St ellmeally. At tlin em^tio time many mqiiirit^ i^arnc in froin 
people who ^Jintod to treat tliomiuilvus. 

Thus Irom n heginning in whieh only a fnw eases of bunts and iilcura 
wore treated exi>oiimeiital!yj the ueo of allantoin hecanio extended to 
ineludo treatmoni by the medical profession of piirnlont lufoctionB 
of Iho cyop middle oar, nose^ and mouthy ebronle osteoinyoUtie of hD 
htmes, Qcznmhf severe sunburn, pnnitis^ di^lxitic and varbro^ ulcoffl, 
and suppurating heat and X-ray bums. 

To iUijatrate furthor the remarkable !ieidiiig ppopertiei^ of nllantoiti, 
i^iihciut going into too mueh detoilj 1ml to ^ow tbo ^ido tango of 
woimda which respond to tlie treatment, a few typkal nte de« 

Bcnbed from information suppUod by our niodioal eooiMjratora, 

^Vu elderly woman had an inroctod eye removed, and despite 
treatmant to roduco the Infoctioo of the eye socket it fulled to heal and 
continuiHl to discliurgo fur 2 yofU^. Finally, when tlie socket was 
packed wiLli wet dlantoin drtisajtigs it responded promptly and healed 
in less tlian 3 wedt.^. 

Following nxtrnction of a dbeai^ed uioltir tootJi in a nian^ the 
jawbone became infocte^I. Two operations for removal of dead bono 
and Bubaeqii^mt treatment for U montlis failed to olieok tlia di^hargo 
and bring about healing. Allnntoln solution was them used and 
brougljt about a ries^atsou of the pnruJout dlschargo ami eomploto 
heatUig in - montJiSr 

Diabetic uicera of Uii> foot are very unplcafiujit and diibcult condU 
liens to iretat, especially when die patiaut has to con tin uo actively on 
hha feet. Such iilcm rrequently resist honliug despite tlte beat of 
troatmontp With such a background of failure to hotih an Hpphciition 
of aUantom orntment inside a pnotoctivo pad anablod a imdent to be 
treated without going to bed and nsultud in satisfacton* bealingt 
A man with olimiuc fliscliargijig X^ray buns a of the foot liad tried 
many kiuda of Lr-uatmont wJtbout avaiJf mid fur several yeuTs walked 
Yiitl) the aid of crutchm. Alter uaing ullantoin e^ilutiou for 2 iiiontha, 
he was so far recovered that ho discarded criitolios and used only a 
Cline. F’tirtlier troBUruuit during tho ne^t few months enahlod him 
to wslk normally without supp^irt^ 

Foltowing an o|Krration for removal of a kiilney from a woman, the 
incirioUi which bad partially bealedi broke down with considarahlB 
diactitLtgo^ Oilor, and pain^ muI remtuned resistant to aH types of treat¬ 
ment for 3 vvoeka^ Daily pavking of tlm wound with allemtom BoluCjoi) 
bronglii ]d>out mnsidoralile reMef and eoinploio holding wiiliin 10 days. 

II is noWTioarly 4 years emcd allantoin waa drat nsud cJlxuciiily in iho 
United States. In that time no report appeaiB to have Leca nuidaof 
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any hnniLful E>diug; foundA fnw piitdbEii^l re:{iorts oi n^sults 
ftfrt btigimitiig U) appear in ilie mr^cal literAtur^ (GnMsnbaiinit 3036; 
Kapliin. 1037; N[olioH| 1037; Ulco, laiO; Riissiiian, 1037), 

The piibUcitj that was gi^en $o frefpjentfj by the press to the 
riiACOToiy of the heiiUng properties of allaritoln Iniereste<1 not onJy ihe 
modied professaion and the Mij hi ita usa but iilao u nimiber of cheini- 
caJ an<l pharmftcoiitiaiJ concflrnfi in Sis produq-tion. Within ii few 
fitontlis altanti>i£i wits offiirwl to the madical proresaion in cryetallbic 
fcntni in solution, m omimont, and in stiigicnl jelly preparetionSj, and 
it is now being Bold bi tablet form with okra for tlie imntmentof 
atoruftfb ukom. tn tlie ointment arid Jelly prepnratinns aHantoin 
iniiflt be dksolveil juu! ofinceiitratad in hot water end then incor- 
ptTrated witli tlio other materials whidi make up the Green* 

baiim (1936) dcsoribca tho procesa in detail. Aj\ ointment mode 
morely hy adding pnlvorizml allantoin eiyafcala Ui an ointment base 
droady prepansd was onco phtcini on the market for a diori time. 
Sucii nuxturss are incircetivei ospccmlly when n gmeity base ia UHefl, 
because of the msoluldlity of idlsmtoin except in hot water- Through 
the enterprise of pharmacoulird industries lliere is now no dilfloidty 
in obtaining allajitoiti prod nets in any [uirt of the United SUktm. 
Over 8Q diantoin preparations Lavo hoeii adYertisoil for medical use. 

Tlic amount of allantoto being used nioilifrmaUy in its various prepa- 
rntions is mther surprising. According to atitlicMitic sales ropoitg, 
about 300,000 grams of flynthetic alljiiitoiri crystals are now being 
produced annuidly* lliia iimount would make over 140,000 pints of 
0.4 percent sobilion« the usual concentration used clinicalJy^ or over 
fi00,00t^ ounces of 2'-|ierccEit ointnicnitp It remains to lie ^oen wiioiher 
the popularity of aJlantoin will eonLijiue or whctlier it will suffer the 
fate of many other now dtu^gs and crentually fall liito diause* At any 
rate, the pri^ant respousa to its dbcovury in mnggot sacrotfons is in 
Htrtiug coutmst to Iho n-rcoption given to Its previous dLseovoty by 
MacaUstcT in tbo rcaitsof coinfroy. 

The elTectivenesa ol allantoin in sUnudnting healing, now l>ciiig 
establisbcd, Ictl to the posstbiUty tliiil otlier Biibstancnn with tbrfa- 
poutic properties might alw be foumJ in maggot oxcrctiou^. The 
graphie cbcuiiLa) funnulii for idUititoiri iM; 
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The silk clmiii N Il-CONH, upon bydDotjsk through the addition of 
il from ivater enaily fomia urea, NlIa-CX)-NTI>. Urea is present in 
maggot excretions lUtci was therefoTo oonaiclcrwi oa a poa&ibk healing 
substonee. 
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Aflcrortling to Murslmll and Da%'is (tQ14) and Fojtrtm uran is 

present in a!) on?Ana and tisaiicm of tlio body. In tLe blood and 
lymph its concontrution is nsuully bstwesn 0.(}2 and 0.0^ percent. 
The cotumoii occiUtroncs of nroa in lhi> dssiiss and libo tjotmlcflsnefts of 
h miitle it tmotlior tnt«r<«ting eobstuneo for osp«riniGntal study. 
TitrougU Uio intsirat and cooporatiun of a niim1>sr of pliysiciima and 
eitiiKCQnA a n'cnk eoluUnn (1 pumcrit) of urea in wntsr wiia givtut 
prejWuKay riinirA] testa. Tlits ronocnirution nrns later obuigsd to 
2 percent. Tlte same types of ehronio disdiaifgiT^ wounds wore 
treated as witti aUantoin, 

After ft noiuher of applications it boriurio ap[>iiroiit thnit like aJJati- 
toin, urea (wssessos rotuorkable healing characteristics. The ulor of 
tho a'ounils was daereoAoil, they hocatnc cleaner, and healing pro¬ 
ceeded promptly. In order that the urea troalmiiat might he giTeri 
innre extensive teste, tlie number of pur niodical oonperatom was 
cDTiBirlsnihly titcrcoscMl. 'fhe treatment was upp1ie<i by them to » 
great variety of chmnic nuiihcoUng conditional and tho hnnodetQ] 
miilte tifgH^ared to be anntewJiAi Nimilor Ihow obtained with 
idlantom. 

Beyond tho foot tlmt uilalitein mid urea have henliDg (qualities 
apparently similar in I heir action , it hos not been sbown that tho effect 
of alionf^an ja duo to tlm bydrotyaig of its ride chain to form urea. 
Tlmt conception merely initialed on investigatbn on urea. Aiiantein 
may bring about Its effects ihrougb a diirensnt set of mactiono. 

One of the reactioriA of nllantotDi lioweveri is its hyilration liy an 
cnsytno calJei] ail an toi nose. 'HiU on ay me was diseoverTti and named 
by Fosse and Brunei f (02$) in tlie soybean end later foimd in a 'variety 
of plant end animal tissues, including some insccta. ^ilianteinooe 
reacte upon oltantoin by the ndtlitlon of 1 moloctdo of water to form 
allantoic aciil| as follovra: 
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Strangely oninrgli,witf!ccasnlhiiitein ha.A one ride chain NT!—CXI—NHi 
allantoic arid has two. AUantoin one is not known to occur in 
mammalian ibtAinai. 

The usuid conception as to tba oceurronco of urea in the animal 
body appeals to be that it iff a waato product only and an eOident 
means of eliminating excess nitrogen. Owing to ibig deeply rooted 
liriiefi it Tias beeni and atili is, difQciilt for mtdlectnal and Gcimtifie 
peraous to gnup the fact that urcai is not merely a waste pimluet. 
The [leimantry of Eiiroiw amt similar eiosBes thrmighout tim ivorid 
have for ages availcd tbciiisclvcA of the healing pitiperlics of urine, 
and are today atili luang urine on wounds for that purpose, Fn»* 
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qu(!ntJy tti the foJJdore and somotiincui in and historir^ writing 
references here liecii mad a f>o this pmiciico. Such Rtjitemeiita have 
been traee<l ihroiigh mcdiax'd tbiMja buck to the writings of Cam, 
1<& B- C, Records have been found tending (o kIiow that even iho 
luicieiit Bftbjfloiiione^ efwiit JMIO B, C., iniltJgai in tiiosame practice. 
Since the main constitutent of urine, next to witter, k nnpa, in jtlxnit 
2 percent conRentratiooi, Uik lUiciinit ntmeriy for nonhetding w'oimda 
now appeura to ho baaic^ljr eonnrt, 

The method of applying tfio urea treatment in our exporimeniii] 
work w«3 on geuw) dressings thomughly wetted with 2 percent aolii- 
tion, the same as in the oUautoin treatment. Urea, te a atAble, Hand, 
fjid nontoxio substance, ojid no report of any ill effect from Iluj (rrnt^ 
moiit hoe been received. It ts very soluble in wafer aud a roncontni'’ 
lion as high na 40 percoyt is poeeiblo. Many kinds of bacteria contain 
an ens^une calletl urease, which breaiia down urea and trlcascs 
ujumonia. For that reason sterile water idiotild bo uboiI if tbe sotution 
is to he kept (or imnije time. 

A report published in the American dqnmal of Surgery, Augtist 1930 
(Hobinson, 19311}, on the remarkabio heating propeitiea of such a 
common cacrctory substance os urea again interestiNl many of the 
nevrspapers and joiimals in the Uni led States, and once more a con- 
stderublo amo^t of publicity was given to ilicM cxjterimcnis. The 
rcaidt was a wide trial of nrcii by tbe medieui profession and, liappily, 
witli confirmation of our reaiilts. An article by Hogan (1937) on 
hb succ«»:fu] use of urea has slreafjy appcajiHl in tlin medical press. 
He refers to tlio outstanding boating effects ho obtained when other 
mothorls bad faile^t, and concludes os follows: ’’It seems reu!«o&ab|c 
to assume that a now and very potent factor lit the healing of indolintt 
woimds has been added to l.hc armamentarium of Lho surgeon.'' Still 
more recently Lewy (1937) hna reported beneficial rosulto with 3 
pomml upciv solution in the treatment of Infected conditions of the 
iioso, car, mut Lhniat. 

Mevortlirlcss, n certain amount of skepticism naturally erista tliat 
urea has such heating properties as dcscrihixi. iToldor and MaeKoy 
{1937) flu^ost trhflt W'P are mbitalren in attributing healing character- 
ifltics to iipoa. Tliey oht niuetl good naults vritli slreng urea {Kdittiaps 
but bidinvo ii to be due oolcly to llio solvent and bacterioetatic action 
of strong urea. 

Tho tondency to doubt Uiut urea bps healing poweiu and the neg¬ 
lect of tilts potent ogout, despita tho extenstve background of usage 
in ttrino, bccomo still more pronounced wJien contras tot] with the 
general acceptance of its numerous imil remarkable tuw^ hi uidustrv 
am! phonnney, ca described by Bar liner (193fi). This skcpticBm and 
ii^lcct ora no doubt due to lho long aa^intiou of iireo with animal 
axcretioti:ii. Urea Is, however, nf common occiirrenco in plants, some 
aisao-^aa— m 
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of which an- iijjvU as food. f‘’«nrcroy and Vauquotln (f7flS), who 
discovered iireo, found K finst in uriiie and uiifortimatcly chill'd it 
‘‘uree.** The atipjm attadir'il U» area could possibly b« rcjuorcd 
thiongh a fuUur knowlcd^ of its clicniistiy and its reniarkiiblc |iosi- 
tioii ill phynitihigy «jid jijdiistrj'. 

Urea was tlic lirst organic <!u1i9t‘nnc« ever to ii« produr^l artiliclaJIy. 
Thfc) historic ntdiicvenmiu hy Wohler {IS2S), over n cwitury ngo, was 
a discovery of far-rcadiing hnixirtance. It opcncvl the way to the 
preparation of other orpudii substances tho number of whidi has now 
grown to an enormous extent. It also shsttored tha Kdief eoTonumly 
held at that time Liiul. organic sulistouces ore liie result of ii niyateii' 
lilts vittd force wliit-li could not ho duplicnted in the UiMtriitory. 
TVertier (1023) aaiil tlial if the ntiiourit of study ilevoted to the eheiii- 
htlry^ of a subject u any iiidicatkm of its imtiortaiicei then urea must 
i.ake a high place in that regnrri. 

Ufiiler tlm pment dreuntstances, since uren now being lists] 
clinically, it might l>e well to rTmember that tbe urea of commerce 
and pliiirmaciy b a manufuctiiml jmoduct made by comhiuEDg 
tw'o synthetic gases, ammonia imd carbon dIoxiJo, to form urea, 
CO (Nt tt) 3 »a pure crystalline product, Chcmic&Uy pure urea made by 
this process b now heing prodiiccil coniituTcially in the United Stake, 
nnd thoiiaofifls of tons are um>d HnniiKlIy. Its eheapticss is greatly in 
ilfi favor for ovtcjisivc clinical uko. Jt ciui Im ptirehasod at thhi time 
in I-potmd Uittlcs at 50 rcriib mid in !t0-;)onijd cantatncTS at 18 cents 
a pound. In lOO-poimd moi^tiire^rnof sucks the price is reduced to 
the pitremL'Iy low ftgiire of 5 events a pound. In oonoentmtions of 2 
to 10 ]iercant the cost of dully applications lo each pntieut is, ihuio- 
forc, Eo slight as to he aliuost negligihlu. Bogart (i037) has ufwi it 
iu atrougsolution, emd oven in cjystalliiia form m aotiie very resistant 
coac!;, with gnocl reflidts. Even in these concciitmLiuus tJie cost of 
ilaily treatments b oxccediiigiy slight. 

Owing to tlje low* pHoo of ciimincrciul urea, it appears to ln3 pmctl- 
i:iil to mako up a dtliKci sohitinu of it in a bathtub (Unbinson, 1036 ) 
for treatment of caacs of oxtensivn secondniy tnfoctions of i.bo Rkiu 
following an injury by poiflonoiis pLanta, UiRcct attack, heat bums, or 
sunburn. ETtefudvu applications of I Ids sort Iiava filreudy been niado 
on a siiioJl sralo with good results In ihc Irnatnifliit of ourtivln goripraJ- 
ixed skin ciiiiditions. Aa there ia a wide rangn in thononcoutretiotL of 
iiroH tlint can be used elTeeitivcly, m> cjcnct amount nppeam to iv 
iieces.^Hty when making up a solutioo in a tub. Two double handfuls 
of the crystals have Iwen found to mako a satlafiictoiy oonatntration. 
U should ho remeniberotl that when urea is added to water the kni- 
(wnituro is lowered someu'hat. 

Urea tu amounts op to 10 or 15 iwreent can Im incuqiomted witli 
rdiitiiu'ut or Jelly buses witJi great ease. It is merely ndriext to the 
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liiises anJ thoroughJy mLted. It gi(iK> nt onw inki aolutian in Ui& 
vn^tej limt in present. 

De:!fpit« tiw fiic?ipties3 of «rC4i ncicJ t-lucr vviUi whidi it cart Im 
nijulis intp n iilifimuicoutieal product^ iL b stiil luijMipulttr. At ttie 
present (ime otily foiir urofi pn^pbnilioua am knrm'ii U> liave been 
made. 

Botii nitaivtrtin and urea when undissolved ufo white in color djuI 
cjystalliflo in form. In eotution tboy oro colorleas and oclorleas. 
AlLuitijiii, bavim^ no b especbilly aceeptohle for treatment in 

the moutli and b now being used extensively for tliai purpose. Sues- 
nian (1937) liaj^ rocently jjtjblbbeii a aeries of ease bbtorir^s on the 
aiiceessfid iisij of nllimtoin in Ltm treiitniriU of reabtant irifeotioua of 
the month^ Weak eolutiona of urea, froiti I U* ? pf‘reent» hove only 
a mildly unplea^nt toato, not eiKitipli M> mako Umni unsuitnldo for 
oral uae> and such adutions aro giving excellent resuUo. In soiiio 
where the taste is objcctiortiiblo a flavoriiig materinl is adrlod^ 

Neither ollantoin nor dilute urea hm nny direct bactericidid prop¬ 
erty; yet the bacterial count usually goes do\iii in a pumlcfUt woitnd 
wUeu nitlior of those maicriiib h iippliod. They have no proLetdytic 
or flbeohing actiorip but uecnciiic material in dbelieirging woun+Ja 
begins to diSAppear and the wound becomes clean cr utuler treatencnt. 
Such effectet tberfifore, cannot i>e attributed to any direct ftctivity 
of tho^ healing agente. it bus liueti observed repejitedlyH howevoVj 
that they do stimulate growth of grandadon tl^o hrtTiog on abmi'- 
dant blood supply. The probability th one fore, tlmt Uio eksnsing of 
tlie wound is produced imlireclly tlimugli tiiC Htimulation of an under- 
l}'ing grow til of bmlthy gramilntiiUi lissue- 

TJu! bite of n new- iLmg La typically Lmesertain. Somelimcs its 
rtiedte are overemplioair.ed and earlj' rciHirtF^ of good reeuUs eannot bo 
dupUcate4:h Nckt fuHUUiig expectetlotiaj it froquenUy foUs into ilia- 
repute^ It was tida tlmt led a professor of plinTiim*ology U> sny to 
his atuderttB] ''GontJemen, moke haste to use a drug while it b new.'' 

Tbo trutji emmot be avoided tl^at aliantum onco fell by tlio wayside, 
'ndti WOE not because of diaappointment in results but throLt|di neglects 
With its niedte still untested except by Madailator and Lift ossociatts^ 
it liocamo forgotten. No uao appears U* liavo been mndo ol its Uealing 
powerH in tlie World War whicJi beguti 2 yearn latere and no mention 
of it lias boon found in any works on pharniacolcigyi Uicrupcutirfl, or 
pathology. Strangely enougln Uie roappeamnee of ftllantoui lu^ a 
therapoifiic subBionce U&s been in strong contrast to ite origiml dis* 
CO very ^ This timOj bnifu: aevompauU’d by mi unuiiU4d amount of 
publioity, ilia opportunity to teat it tlioroiighly boa been po^blu. 

ITrcaj Uowcvoti is in a c\t^m by iteelf for larg&^calu troarmont6|. 
eillier civilian or military. Its chcapntiaa^ ite avuibihility in ton lote 
if dcEuttMl, tlie case w'ith wLicli it goca iriti> sti-hitioiij its hiimileaaness 
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wexi ia i^Lrong coi^cositi^tiaiui, anil its dJIc^tivi^esti iit ttUmijiiLliiig 
lining miike uroa an imu^ualiy inlerc^diig Uit^mp^atie figfiiit. OnA 
m^it «4:iiiL^ture wlmt ita ^e«t mi^t havo Ixtcn hod it b^eta usod 
during th« World War. If idloixlQiix eoks Jo tx^hi to dnmnioli^ dug 
need not [ook far for a cause — tlio quoUtiBE) of its extrooriUnai^^ oliomi* 
cal aaaodate^ urcu 


llKFKiRENUEB 


SAxa, S, 

1Q2D. The EW cf « fijiblo antueptla hi ib« tmtiniDut of Datwii3’-elillt« 
South. Mod. JmiTD.i ml. £2^ pp. 

SjBatixra, J. F. T, 

IO 3 O 1 Ci^TtiiJ uren. lia rndu.4tTiiJ uui^. CliniiL Ttidiif ^ vcl PPf 33^7^24^. 

BodABT* Li M. 

iWflf. UrttL It* ti« In lafciotkila. Journ, ilfck SUln Med. Son,^ toI* 30, 
pp. 2S^m 

Oato^ MAficirn Fonciirn 

334-249 C. Do m niaticn. trArkPlntluii hy TTcKipt<r aticI Aah 

Itarviird Univ. Press, Quijtai(||Pfp 1031-) 

PnufeOH, W. It 

lose. Tlio blcffiliciukt^ of iirea. FhjfuM, vgl, pp, 31HM3^. 

Foss^p H.p and Bhokki,^ A. 

lOOT. Un nonmaii frrDoont Compl. lioncL Arad* Set. lE^fcdjL vol. IS3> pp. 
43<W28f 

PoascooT and VAoqiTmiJ^r 

T703p Lqibdolm tmturcUc -cliimhiiie #1 m^ilicEile -eln rurlne ImtaiiLTmp contc^ 
muit qiidqiifet ffldU ooliveslii eur mn EUiAiy£« trt «ur con jLlt^fsUnn 
■panlAaAe^ Ami. Chlur.^ to]^ 31 ■ pp. 4&~7I. 

OiuiKxiiAuy, F* E. 

1&35. Aikittolo^ A now {(mn utoUcifi the me cUmulsUni; AutMlmioe wJUi offpcciid 
cmphuls mi pUAikiotn tii ointment fonn. Anme- Jouxd. voL 

34 fn. pp. 24C-a6Jt. 

ItuLnAs, Ih O.j u)i! MoKat, B. M. 

HJ37i Tba use of lo-ea bi IW tmatim-nt laf toroOei] -nouiuti. iliyitrn. Ajout. 

Ab«oo.. vol. 103, pp. 1L 07-LI 00. 

KArt.A(f/rp 

ia3L ‘nie AlLmLoio titjatmiml of ukenrk, ioifni. Amor* Med. Aj«oi!ii> iroL 
ICia, pp, 0OB-3OQ. 

La^iTf ^ E, K 

1037* Vm of Ufea fa diirw of liw cafp oimo, and tlironi Arch Olaihktyn** 
fP^AogYf toL 20 , 103-109. 

MAfui^nTRH, CL 1. 

tOli A bow oeU p^UlcrEuit. It* chiilral cppliratlon tii the irratwot of 
idem. Brft. Mod. JourtL* woL 1^ pp. 3^> -13. 

E> K., uid DhYiB^ Di M. 

1014. Urea* It* dlstribotlon En and clinQtnjiiiQrT from ilie LkkIj,. Joiita,^ 
Riot Chtjm.* 18^ pp, A3^. 

Nicuoll, R. G. 

1037. Ma«;^| thonipy aihT allAiilolif. Jouni. A"P** r. Oeleopatli. Aj^W-, 
mt. 3<1t ppi 843- 340. 

Enni^ EL C. 


J03A DUbotic iJmi mud ihdt trralmoni In iHKlinlryp with tpcchd refereacB 
to Use of ■Ilnatoin and 2% mm. Jumm. Nat. Assoa. Clilrop.f vo!. 
20, pp. 1-2* 30-32. 


AIJLANTOIN UHKA^miilXBON 


mi 


lUiiiiIvvOK, W. 

19S5. Btimulfttla& of tKaUiitf Ln tmtiJimlini t^y i>Mijrriiif In 

mR^ai ■DcroUoitM nud of -wkL« bkili^lAl dLBlHbutk>a» 

Uano and vaL pp. 297-371. 

t039. Ura of unsft in itirntdate hoadug ip ahn^la purulont wmiadi. Anw* 
Joicm. 8wf^• voU 33 a.1. pp. 193-tfit, 

aotimBONt apd Komwoon, V* H. 

t033. Tha fola of iurfdonJ owgai^ta In tha dlafnfiKtipo of cwtooiiiyeUtb iuiid 
oihfif tnroQkd wopoda. Joitm- Bono aud Joint Burg., vol. pgi. 
400-412. 

Bumuav, el 

1037^ Allankihi. ibsotid ttoina of Intarait^ Juno 
Waamii, H. A- 

131!3. TLe plirtnTntry of urea* ihu Ui«ot 7 of Ita eouaUtutlon, wad of ibe origin 
iuid flioda of 11a formatioti In living orioutlaioB. in Motiognpba on 
QioabfliniAtry. 3J3 pp. LotiJofu 

WOiruTi, F. 

1838^ Im. foruiwllon nrtlllolella de riirtfo* Ann. Qiitn. ot FP* 

mm 
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By TnuM-AB Vji mu k M , M. D.* Puatl D. 
^urpriiYi crrniraJ P^Wfie H^rrrfp# U. S. j4. 


it is <k dipial Imnor inr any monabor qI my pmfijsyioa to hu honoris! 
by Lhia veuernlilo and vignraua institution oi kaming. I accept thut 
dqjreo wiUi profotind and appjfi&daiion, rocogniring tlnit it h 

Inqjs of a pc-rsonal iribnLo tlmu it k n iwognitioii of tlio ptowinu im¬ 
portances of iho f^ifocialty wlitdi 1 poprcaant. 

Liko tiic riuladfllphia CoUuge of Pliartmioy wiiciw one bimdriil oud 
ei^tomitli anniversary wo nm cdobfatiii^ loday, thu rnblk lIoidLli 
Son'ico iiad iis birth horn in Philaddpbift. It waa i!^ 17^>S whan pIoLii 
A dania ^ m I'^ident. that Congrosa passod "lUi act for tbe rtilicr of 
eick nnd disabled wamcn/' Under ita provisiDtis a dqducdoii of 20 
ceottt per month wna made imm tlio woges of oacb seaman on tlie 
mercbaiiLl ships of the United Stiat4!s. Tho funds were deposited \vith 
iliv collector of customs m a marine hospital fund and used to build and 
operate a series of hospibkla in Urn priiiripal pork. 

Tliis was tlu< beginnlnp of a FedcraJ iiiedieal service^ and^ mcidou- 
taSly* the first hefllth ins«ranee systenL In tlm latter connoction. it U 
iiiteresUng Ui noto that after oporaling for nearly n htmdred yearn as a 
contributory schonic^ financed by employee contTilnitiaiis iln^^ugb a 
pay-roll dicck-olf, it wns replaced by a toona^ tas on tbo ships« 
employer payments, and lalor supporiiod by general t 4 tKatioji^ vik^ 
Stato medicine. Tiie temni insnranc©^^ and ^'Stste medieino^* 

Imcl mi yet Ijcum coiti^I. In Uii^t tlioy now- connoiu new and rodicJtl 
tlopariures in inedlcai practice, yet 170S we hjive had one or the 
oliicr fonii r>f sodidized nKididne for tins oae group of wage oamcra. 
From tliis dieconnected syptom of marine hos^pitols^ a natiamd Marine 
[(oapitfd Borvico grew, Tho dcK^tora In tlie&e liospitalft fioquently were 
I he fireL to diagnose and treat exotic diseases. BecaufiO of ihU they 
xvero consulted by local liealtb atithorities when yellow fever or cholera 
threatened. The earlier ay atom of Stat€M)pcrutcd quarantine smtioni? 
JackciJ uaifomiity, ami by ISftJb *t becamoobvioua tliat this diould boa 
Federal riinetion. 

■ 4a Uw PtiUAiiot^bb ColMlt rhaimuj aduaMp Fb1lH4«l(4i44^ Fa.^ 
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Bcbhuw puli)tp Itmllh itself la n concept, H wius not until 
I DOS thuit tlic name '‘rublSo HctvLtb*' was ndded to thia iOO>yoar- 
old service, ^ncc then progress bas been mpid tn developing an or- 
gnnization whidt in fact ns wdl cf) in name is a Fcdeml Public Ucoltli 
Service. 

On an oocfiaion such os this, onn U templed to review niid appmiw 
Lbo aignificmil oventa in the long ami distingiibilied bbtory of Die or- 
gatuMiMon which 1 have Urn honor to Hired, One could projMjrly dwell 
with priHe over UtP pioneer studies of Henry "R. Carter in yellow fever 
wlucli paved tlio way for iVnltcr Reed's discovery of mnsiiuito Imis- 
tnissJon; or Uic cpoclmi work of Joseph Coldbei^germ estoblL4hiii|F tlie 
nutritional nntura of pdlagm; or the unique coutribution of ICdwurd 
Fnuicts in tulanunia Che ta the only American who tiss discoverml a 
disease, found Uic cause, mctliMl of tmrunuasdon, insect vector, und 
aniB)al host): or tlm n>j’wit alntn-piftrifl add spray of Charica Artij- 
Btrong, wliich pieventa poliomyelitw in ujonkaya and offer* bo much 
hopo in niBii: or tlie courageousneiis of Sfionror and Ids co'WOrhprs in 
tlicir sucr<»*ful ■warch for n vaodije to prevatit Rocky Monntain spot¬ 
ted fever, They and otiicra Ui l.ho I’nblic ITeaJth Sendco have con¬ 
tributed much toscieutific know'Iodpoof dEsca,te ptevontion. 

Progress is being mude in the control of the venereal diseases. By 
ojio laborious step after another, wt* ate extending our knowloilge of 
mental llinosa, and of camber. Since ItifiO, we Irnve liecn working out 
the most aaiisfaetory basis for cooperation with States in providing 
hatter liuitlth services for the people. As a result, prompt effect lisa 
been given te the henlth pmviaons of the SoC!<d Security Act under 
whidi SS,000,000 is being granted to the States for public bcfdth work, 
Tlio mobilimtJon of forces to combat ibe tlircot of cpidGmics in Uro 
woke of recoilt flocKk gives anotlicr lUustealion of the Euccessi of mod¬ 
em public hcaitli effort. 

Appropriate n.i it. might l*e to dw4'll tifkin any ono of tlirse ovnnte 
in tlmhiEtory of tlio Public tfcjilth Service, tho title of my paper and 
my own iiidinatitiuii impo] me to consider what is oliecd; to dlsousa 
tlic oinjain view and the mi'thodi* by wliich ttiose aitus may tjeconio 
actualities, 

1 sbjiil imiiufl only to review briefly the Fciontific, Rtwia], and oeo- 
nomic hasos upon which our haalth aniivitics rent, for a» Hi.ntod iu the 
preface of ibo centennial volume uf this college, "Tiio hiatOTy of yes¬ 
terday fores]Iliflows tin; experinnes of today axici tomorrow," 

During the past century tho spirit of tnquiiy in medirinc has 
rvpinewi dogma aiMl tnadition. The studies of Pasteur, lisfor, and 
tho host of otbor sdoiicists Imvo iriuiBfomiod medicine no leas than 
has tliH powci‘ uf steam transfortaMl industry. A goncration ago a 
doctor with Ills sadillebagn cnuld encdiiipit*^'^ mont of the then available 
iiiedi<ad knowfedgo, ^jot so now, when it lb a Ufc'a work to nianter 
jii.4t imo Bpccialty, 
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Thb givwUt uf ^uuitifio kuowR'di^ Lns ujuId|)UcKl tliti miinbfir uf 
tilings which CUD bo douo lo pnevuiit uxid cure di&L'UiiU. It also huu 
increased the cust of medical Ecirico, putting such servico bojond the 
touch of UD merousing niimbor of pooplci Moronver, our Immfor from 
an ugrarian to on mduacml syBtoiu, with workots dopondent U(K>d a 
duily wags BufticiGiil only to moot ourrent nocotisary living costs, bus 
roaultod in fltu inubilily of miuiy cit-tums to buy nietUeuI euro whan 
tho wages atop. 

Cliungiug yociul concoptu hIsu supply an additional basis for public 
heal til work. TIio gtowtli in tbs sentunent oguiust suffering bus Ixon 
more rapid during tbs poet cantuiy than over before in the world's 
history. The abolition of aUivs trade, Uis growth of popular oducu* 
rion, anil tbs dcvolopmcnt of measuros of public Eiaaiataace ant 
examples. 

Motloin aodely ovoiywhore accopts as an obligation the provision 
of the nucramtiss of life for Uiosa who caimot provide such lUicussitifis 
for thotiiMilvcs. I^oe madical servico U a iiscoseity of life, it b only a 
smalt step to accsjitunes of Uie prindjils that sudi sorvics must be 
made eyailnblc by the couiniunJty for those in used, 

'Fhere arc cogunt economic; roftsuna also for health sorvices. A sick 
iuitividuul may bocoms a bvndcu iipon society, Good health ia an 
important factor in human ciflclGncy. Tbo tronuuent of diBcitus is 
no longer a concern solely of the individual who is sick. Tbo com- 
miuiity BB a wbulo Lua n liuancTnl slake in iintruated llincsa. Tlua 
point has bccdino dear in recent yeaif! as we have arceptod us a nation 
Tospimsibility for prov'idbg |»eninons to Urn deiMuidnni. groups of the 
population. 

Tbcro are sound scientific, eodal, and economic roosons for more 
aggrcsfflVB altcntioD to the publto IieiJth. 1 tliJnk wo have rcachod a 
stage in our civilization when we musL atcept as a major promiso dint 
citizsns should have an equal opporliinity for health as an iuhoreut 
right ooetjuai witli the ri^t to Utmrty sjid the purauit of happincsE. 
To realke this hlooi ia a broad aim of tlm I’nblic Uoidtli Service. Tho 
methods wo use fall into two major divisioTiti, first, tba better apptica- 
tioM of scientific knowledge for the prevention and cute of dUease, 
and second, the acquisition of now knowledge. 

Within die jiaat ^ yoara, a giKxi start has boon tiuulo in tlio de- 
votopment of a national health program. In Um Social Security Aci 
for the first timv| Um Kodtu'jd GoverumentdedareiJ a continuing tHthcy 
of asaiating States and Joeahttes in provhltng batter bealtli ecrvici;. 
It has ItOQti relatively easy to inauguntte tlib work lieiaritse rinco ISSO, 
tho Public Health Service has boon euthorii;^ to coopornto with 
States in tho prevention and control of disoase. It has been possible 
to W'ork out liealtli prognuns in every State so that the States retain 
a full measure of roaponaihiUty for their own health prognmui subject 
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Qtily t4i mtN?tiiig ruhtimum ^tMidurd^ which liav© agri^^i upon 
jointly by thu St4itn tiOAllii olFiciini lUid tlio PiiMic llcfJili Serviro, 
Tiii> 513,2€0.(KK) being gi'oiitfHl by tliu Piibiic San'ico uxid tbo 

Chddren^s Stuxinu id prcKludiig digulTirjmt miilLg in beiiV4^ hc&Jth for 
the people. I'liia appmpnaiioD, boweTer, Fepr<!$eij!e only about JO 
penjent of tbe tot^il coat of jiubUo healtb work. Ilio recent natiotial 
conference on YDnereal ijisea^ control cal ted attention to Llio need of 
^eatcr Fedend intorest m the coutrtd of tbeao an<J otiier disaa:^. 
At llii^ conferonce, it wcw camesliy rceontincndiHl t4) tbe ^dminia- 
tmlioti rbnt nnlborttatioEk lot 525jtX>0|00n Iw given in apfirfipHulo 
niiiisoriiiiente to rhe Bocial Security Aetp to lio udmiiiiatercd by tho 
Public JlcoJtii Service. It was fdeo the opinion of tbis conferfinco 
that the percentage of FederuJ money iiivi^ted in the provention of 
fliAeaec abould not be less Uion tbo percentage invented in Ihe care of 
dependents. 

We must narrow t!ie gap between what we know and wiiat wo do 
in public lieftltli, I'licre icre majur caiij^ of disease and death in 
regard to which present community action 13 totally iuailc<|uaie. 

I'lie cimtrol of aypUillH ia a iKitable example. With tho recent 
groat increase in public interofit in thi^ subjoetj it shotdd be possible 
to make this a ntru lUscasii withhi miT geiioralion. McdJcaJ and public 
licatLli oOicink arts agreed as to tlie mettiods. 'Fbe recent conference 
drew a Berics of bisio primes ivldcb every SUito and every communlly 
con follow. 

Cancer stands second atiumg iho causes nf deaths The tuinao of 
cancer is not yet known^ hut many cases of cancer can be ciJire<l by 
runny knOHTi iiiethnciis. Experts in Ltiis fielci c&tiumie that 25 percent 
of cancer deaths could bo prevented tf all of oiir knowlftige of cancer 
control W HS used. Tvvo Sintes have accepte^l aome moa^uro of respon¬ 
sibility ft>T the treatment and cure of cancer tiirt>ugli providing public 
fiieLUiies for thofio us need ol caris. 

Pneumonia nink.=^ high auioug tbe causes of dealj^i but recent itcU 
CfitiEc advaiices [Hiint tho way to preventing lunny ancli deaths. For 
saveraJ of tlie iimat frequent types of pneumontiij an improved concen- 
tmtod oerujii Las Ihscij devclriped whicb ia quite effective. Moreover, 
II otpid nietbrid of typing the dL^sc [iiokes it possible for those eat^ 
to be locatod promptly whieb arc ajimtuiblc to scruin rJierapy. 

Tba control of tnbereuItMus ia a job half done, Tliia disaa^ lias 
been reduced by two-ibirtk in the present ceiitniy. VVe have now 
raad^cd a point where wo can bw>k fonvard lit ttic praet-icaJ eradication 
of tuberculosis. 

The mcdicn] care now baitig rurnishcid to die dopendent groups of 
the populiiljoa te poorly organized and inaihhF|uo*tc. TJicre must be 
gencrui ncccjitones of itic principle tlmt tbo medical cam of aueh 
dependents is a public rcaponaibility. 
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tacldiLg particularly in the niraJ nrens. We nood a great extension of 
laboratory soiricOjtlio provision of Ijoapitotg purikuliirlyirj rural 
better orpinbffetl survicea, nud a better iDiegratioiiof priYato 

and public ofFort m the provcmdoii and trciitntenL of dLsoei!^, As a 
iiationp we adionld seofc not only to moke iiieclicu! core more available 
to tliotfco in neetl of sndi care, hut constantly to 643*k tho improveiiuent 
in tlie quality of iiicMUen] ecrvice^ 

The Public neoltli Service itself will play a relatively fnnnll part 
in the health advancedeJit of the future^ It ahqnld be m a 
however* to promote* asiibtp mid udvbo in the working out of State and 
loctil health programs, I utu lees interested in tho size of llie orgEinizo- 
Lion 1 repriiftcnt thou in ibe brains it rispreftcntJs. For nnmy ycors^ w'o 
have given an opportunity for a career servico. We need to attract the 
best of the mcdiool graduates, to give tbom eveo' opiHirtimity for 
prufesaion&l advancement, to Intin apecmlkuiii all plia^nf onrtvork. 
I rtremn of a day when the Public Ileiilili Service will liavo a eorpn of 
nqon and women whose ability is not ^urposscMl or eqiioUcil by any aiher 
medical or health organkation in die world. 

1 have rofurred briefly to some ol the research work of the Public 
tfoolth Sendee. Plana aro being draw n for a new National InBiJluie 
of Ucidlh til bo located in ilie environ^ of Washington, the beadijuur- 
ter^ for dl of the research work of Uio Public Health Scjrviee. Tliis 
filiould be more tlmn ii rcsvarch institytii.m. It aliouUt be eko liio hLaiU 
qiiartom for the training of our pen^onnd. It tiliould be ihe Wmi 
Point of t!io Public Ilealtli Army. 

The major iinsolved of health and dUcftso shoidd bo a 

conceni of thb In^Ututo* Seientilie workers frarii other austltnUons 
will be free to bring their problems hero and pursue their studies within 
its woUb- Otliin acientfsts fthoixUI go out fnun this utstiiute lo other 
institutions of ihe country- Such li constarit iutereluinga diould pro¬ 
mo to p^ogrt^sfl. Many retu’areli lutibleiiia of today are so ooinpliut 
that it U lm]H>^ibla for an individuiil worker and frccitienUy it \s 
imjMjftstblo for any one orgunkar ion to deal odeiiuataly with tiiem- 

'rbo Kedertil fSovemuient h in a pOFition to lend its inllucnca in 
bringing togeiher various si-icmtiats conccniitl with u cuiiiruon prob¬ 
lem and ijronioting joint and enordiwatod nttnek. Already w^e cen 
point to progress bi this field of coopanitive rcf??esrcb. For 8 yeaj^, 
five of iho loading sy^jhilologktsuf the county" Ilqvo worked wiOi the 
Public Heidth Service in puDliEig Liieir know Us I Lheir liintcriai^ aiul 
their resources For ai.udy of syphilis, Valuable additions to our knowl¬ 
edge hove coiiie us a resiiit of these tx>oj>erative clinicnl .studies, 

Tlie problem of drug addiction bos biien tlic subject of joint uiterc^t 
by the Public fjealili Service amf tlie National Research CouneiL 
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Ono of the aiui» in to dovelop o gynthotio drug wliicti wU) hme dl of 
tlio virtues of tnorpblue without its Iiahit-fonning qiuilUiiw. A chomist 
at tho University of Vu^nia baa syutboUxod a number of oomimuoda. 
Tbeee on beiiig tostcd on nnimaJa at tfio Utuversity of Micbigan and 
Iboao wbkb passid miiTnal teste are bolng iiicd on patiante in Moaw- 
cbusotte. Similar coopontivo studies are unctor way in cancer, lliis 
principle oan be hppUed to many problems. It is iny hope that our 
Institute of Healtb wil] oxt«^ tIiLt ptiaciple^widely^ In addition, 
pTonusing studies should be ^pported by grantsdn^aid along tJio lines 
wbicb have pniven projitahl||b recent years. 

SUMMARY 

Tbe aims of the Public Heoltli Service are ea-aily nummsrhicd, 
We seek to narrow tbe gap botwoen wbat we know and wlutl we do, 
and to extend the bouDdaiios of knowledge of health and disease. We 
ourselves will play a small part compared witli t]io total job to bo done. 
We seek for ouradves not sixe but efficteiioy, not legal authority but 
tbo conJidcDca of our culloagucs end of the public we serva We hope 
tiiat our ainia of today wilt be ‘‘lbs exparinaoe of tomorrow.*' 
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TItc Musoum o( Fiito Arts, Bo^toii, now (iosscssos n remorkablo and 
widi^ly roprosontativo cpQectiuti nl objects from Lba aadont Indm 
YalJ 0 /, tho 0 ulj fl ufdi c^Ucctioii ou teidv Indlu. Nnl only i» th o cui ture 
of Hnruppa and Nfolicnjo-dam well represented at Clianbu-daro in 
the NawnNhah District of Sind (6?, t)« Hib «le ut whieii lltb coUoclioti 
was uDi'artbed, but thoni were aim found the Eonl-nmulets and pottery 
of a iicoplo who occupied the site fairly soon after it had been deserted 
by tlie ftarappa people, objects which it will be s€»en differ nuiically 
from UioBO left by their predecessors. 

Ttio mounds of GluudiU-dnm were selected for )he preluntnary invest 
ligations of the lint American iirolieologieal expedition to India on 
aceotmt of important finda made there during a Surrey of tho uneimt 
eitoa of Sind l»y the Arcbcologica] Depiirttiient of the Government of 
India in llie winter season 1029-30. bfr. N. G. Majtinidar, wlio dug 
thr nB triftl trenches there, showed that Cbanhu-daro hod boon necupiod 
by the same nica Lliat built tho cities of Mohenio^aro and Rareppa 
some' 5,000 yoars ago. He also foiuni some alight evidonco of the 
pnHH>nce (d a later dvilixation which can now bo uained the “Jhiikar 
euIturiT", in ncoonciaiico with the convenient ptactioo in Kgy'pt and 
Mesopotamia of naming a culture after theaito where titu»'»of it were 
brat found. The tio-ealled Iiidna Valloy civilheation ahould t>e renamed 
the "Harappa cnilture”, for further excavationa iii the great river valley 
will undoubtedly revoid tliti remains of yet other anciont cultures. 

Chanhu-daro is some 12 miles east of tim present bed of the Indus, 
about SO niilea S5E. of Moboiijo-dure. Its three mounds comprise 
an area of 9 acres, but ilia litUo oitj was cunaiderebly oiore ox tensive 
in ancient tiuics and the alluvium depoaiied in the cuuivo of &,00U yeots 
or more now oovein the lower porta of the mnuuda. Mound 1 ia 22.2 
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fntt high, and eomo lj500 sqiiuric fwt in nttsa) nrid the rattier loigtir 
Mound II, 23-5 feet tilgh and about 3,SriO aqinire feet ia extent, is 
separated from it to the NE. by a gap soma 160 feet wide. (pt. 1) Dur¬ 
ing tlta period of the llara[>pa cuUiJia, Aioimds 1 und 11 were one, 
Lt^iigli which a devasiallng Hood ultimately out its way, bringing to a 
dotio lilt longest and most impotiant duipteruf tlie history of the littio 
city. Mound U was reoccupiod tutor for two hrief pen'nda, as we shall 
shortly see, Tbo third mound (Til), which stoiidn a few feet high and 
is ouly soiiir 500 aqiuiro feet in extent, lies close to the NW. of Mound 



FkIsCHP 1lUp flHful S'4d^r- 


11^ uf wbttJi it iA Hint it one* formflil 4 [Hirt; iljtJ minatiirnis 

which havo ^epumtcil tkh itttlc> tnoiuid fmtu neighbor JiHvin Itifl 
l\mr murks ^ de^ip furruwi nnd ravines whidi ^^C£ir tlic af all 
three moulds. 

As Mound 11 the and higticst mound uiiil Uiortiforv Ukely 

to contain lh« moi^t interesting nrntemli it was adopted for our 
|iriudpii] cTiCavniicins, Its upper porlioD waa6TBU!nuitic4iil)’' removed, 
layer layer, tho ilel^m bring dumped on groubd that hud already 
hcsii ojtDJuiniul by nionjiB of Lroncliing^ On tiie atimmit of ilie mound 
wer%^ miB or of early Miihatiiniij^hiii dato. t^low theae 
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Tcjy Ute n^^£iw8j u few pit^is were fuiuiil, tiu^atiy mluett w Vi'rry 
inCeri^lm^tlarkgTuyipolidiodj hotid-Tnado wane witli Uipkod f^eortuetric 
dceorntion (pL 2| iig. Dp Tlie oxaiot diitfl of lUk won* ifi lit pTc^eDt n 
matter of but in sluipe find teclinunn) it ib ontirdy different 

frt>m eaything pmduce<t by iho two cLklturca whose remaiiLB we found 
beuoath it, T am injdiiifHl to think that ihtB i^ray^ haud-miiilc {>f>tteiy 
was made by n priaiitive [laojde who wen" iiia fttel to oeetipy tlio site— 
and iliat mdy veiy hricflj' and in annall nuxnljcnt—ami who may hsivu 
Ikjcji tt raee idJied ki like Uhik^ of whom tlien- h n ^tUement eloae to 
Chanlm-daro; UhilSi lu&w'evor^ Imve lost iiioiit of liirir aiidefkt 

«;iuitomB and primitive way of living. 

in tlio Btratum liclow tbia gray wu.tc wo name npiin o Ikiigo qikimtii 3 ^ 
of wheel-made pottery^ quite unlikfr the waree found either alkovo or 
below it- This potteiy winch Wfos mostly polycJmini 0 | mth dovieai 
painted in hhick mi A real on a oream or pink shji, is repress ted mainly 
by L^roken fragments of ilka pona and stems of offeriiig^tanda^ ihotig}i 
pioeos of odier tyjw^a nf vesetJa also wero found (pi, 2, lig. 2). Though 
pol^Tloome pottery w^os made at Iho latter cuir[ of tlm Ifarappa period, 
the polychroine w^ara of the upper levels of Chaidm-daro in nowiso 
resembles it in aliUTHS or tstylo of deouratiom fts prosunce in eonaiiler- 
able quantitiea tltereforo omphatically mark^ tlm otrcupatioii of tike 
el to by a different jieoplo^ At lUiukur nlfio, wiioro Mr. Ma?:u]i]flar 
first uuflarUifld pottery of ilrk kind, it waa in a stratum ilmt slkowod 
it to be uf Inter date than the llarappa culture. A principal feature 
of Uiw Jhukiir ware Ib tliat broad borisaontol baoda of rod gepamte Uko 
varifkus devices tliat unkoutont it* Reil was al^o used lu combimitieu 
witlk Idack for oorUiin miitifs^ a comnion one being a cherron {mitem 
of rod ami black alteniatoly (pL 2, fig. 3). The iloslgUB m Ute Jbukar 
potter)' uru cilhei' geometric ur very corivotitionulbedi hiddiy pain led 
plant dot^iigiiii of leavea or buds joined togelljer with ourvod stoma. 
As u rule tlisse plant doeigos w^cre painted iik black, or ii deep purplei 
tlic" rod being u^ for the hnmd bands scpamtiikg Uie rej^tora, but 
ocoaoliiikidly tlie mturiors of Uie buds or teavc*, ii not hatched {pL 2, 
figp 2), were colored Tod- 

Thn only other wares that I he tThukar pottery rtwmbliis— 

and only in like designs and use uf eolora^ not in alihi>e—arc diokw 
found by Boron Mas vun Of^pctdicUu at Tell Ualuf in nortliem 
Assyria^ and by M. E. L. Mallownn ai Tell Chkigar UikKar.* At 
holli sites broad horijcontid nid biuids were used to ec par ale the 
regislera^ and iho very disUriclivc clievron jmttcrn in alu^rikikte red 
and black on a numbvr of Llko iThiikar potsiierds of t'lianhu-doro is 
idsnticiil wilh the chevTOU design on the laUu Tell Ihilof potieiy. 
Otlier painted devirew an i]ie>se wigr^ cum'^[louil wry closely. Mr. 


■ Fw h HCCfflilal tm iLaiiiCi Mhi Tidi Uiifieiilidm. T«a MuM. 
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MetllowMci hm linlc ^vlii{:li wlU bHtlgo tlii> ^lil 

tbt imd of the Tftll Usiid iMuriod ami tiie iKjtlery of ludin aful Baloelih 
atwi/^ ttiiti La iuggf^te timi the ejirty pottor^ of A^^ytin hdJ Syriit 
mcrrod eastward. Tbero seeims no doubi Ibfit the [uillciy of the 
JhukAr emit lire had been tufluctic^idi by iho liitor ^vurea of the Tfill 
tliilaf eulturo^ mill wo must look to ihe Irmirsu fllf^bloiida for the 
rcfpoo wUemce It vvtis brought to luclia^ The* faot tkiLf the To!! IlftTef 
pottery h oousidentblj onrlicr in ibite tbmi the Jliukar wsn^ b tio 
nmttc^r for couconi; ^>uir dine baJ iiH^eannHIy to lieiofti an 

influrnco front Syrin. roiikl b&ve bad effect in uurLhwi’st Jjiilin, ikuil 
many loti^ belts were doubitess made before tlio cud of die foiirney, 
Thu piMiplu who introdue^Ml tliu Jhuksr ciiituTc iuto the fnduB T&]!e3r 
appear to ba^o loft but few in Balucbistim; but a great dea! of 

ayBicmatic oxeavation iioctts to Im) done lu that coutitiy^ for one 
noUiblo djord wiib rtnl end black cbovrons fotuid by Sir Aurcl Stem 
at Z&3'ttk might equally well liavo eomc from ibo TToluir it^ion or 
from India,* The presence on mjme of Ibo iiollmy of ancient Bnluciln- 
feion of wide ml lines l>ctweeii tbo rcghitcrs is a fi'^niurr Eharect lioth 
wiUi tbo north Mfso|>olftmien imtlc-ry of Tell tltilaf aiitl tlic Jlinkar 
ware of the Indus valloy* 

There is a coiiEldoniblo body of evidence that tbo iMNapIo of tliis 
Jbuksr culture occupied tbo pKnelpal luouiid at Clianbu^lrtro corn* 
pamiivoly ftfjoii after its licsmrikiii by the people of llm llarappa 
cidtvue^ ami I would dalo tbut occupation to ikinml 2000 B* C. It 
waa only n suioil fuiiitlenicni aiuh fudging [roni tbo ntmd»cr of rough 
pavements and fireplaces foimili tiio iicoplo hvori m ho-u^ nf maltingi 
aU other traces of which bad disappeared. The head-man bad a 
plaln^ rougidy built bouee of bricks^ token eliticr from the tower part 
of the moiind or from other buildings of ttio Darappa culture in the 
vicinity. One very iutomsting feature in i> room of bis boii^ was a 
niopliico in a recess in Uio wall with tlu^^e l^ricks sLill in it which 
Berved to support a i^ooking vessel (pL 3^ iig. 1 ). 

Not (inly dues their putteryj id wtucli a surpming amount wns 
made and usod^ dktlngubih the^ people from thedr prcdeecssora of 
the namppa cultujC| but they w'ore seubamulots^ mostly pottery* 
which in Iheir ebapcis sjid omameniatton uro totally imUkc the square 
and roet-angiibir scal*amtLletjS of llie Uarappa ctilLurc, Some are rouiut 
stamp sciihi with ruiiglily dijijicd perkiraUMl hsndti:^ ni Uie back, 
and others limioid witli designa on ImiLIi fftC4« and perforated InLeriiUy 
(pU 3^ %. 4), ThiM iTIiukar amulotv are witli une or two exceptions 
very mugUly madop and none bcaiB any inscriplion; in fact.^ we are 
03 yet uiicerlulii whether their o\niers know how to wiiLCp Many of 
tliciiL resejiible eertain acahamulcLB of curly EhiuUc dale^ am! one 
exceptionally well made loutoid amulet with mi endless rope piiltem 
on one side recalk both in shape and tlir dc^gn certain I lit tile scab; 
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is tLo l<^ sutprisSng whuu wft conaidcj' ilic rnujkeiJ ftfImitJra of 
thrt pottery vritli tlio litCo wHro of ToH Uataf. 

A imuiber of boao hwIa poiiahod by much use sui^eta that the 
Jhtikar people nnwlo Imskete, aud iudgieg from Iba Dumber of bobbm- 
diaped objects that they left they Boeiu fllso to havo been workers in 
ioxtiJea. The liffuriiics of the llerappa levels tdl us thnl ttie lieiul- 
dresses of that period werfi very ebilHirate, and this npijaaia to havo 
been Iho cseo in the Jhukar iJoriod also: a very fine liemirest ol 
pamtod pottery was undoubtetlly iuieodHl to protect tlifi Uea<klress 
of ilB owner from (JaiiiHe* during tdeop. 

Close bcitenth lUo Jiiukar stratum we cauio UfKtn buildings of liio 
llarappa diltuitt at u Iftvul approxinaaiely 13 feet below the summit 
of llie mound. lie re were found the reiuuiiia of burnt brick houses 
witJi ibp bnihfooim, draina, and other convomimcoa now woU knou-n 
at Mohenjo'daro end Hareppe. Here, too, were foimd Uie copjMjr and 
broim imploiDOflta and toob that now form an imi>oriiiiiL part of LUe 
coUcelion in the Museum, Two hoards of llieae implemmte were so 
(‘uiroded together that it was not until tlie end of the Beosoii when 
thev could ho chemically cleuned and separated that we b^aine 
ttwiirc of what we had found (pi- 3, fig- 2). Hlado s-ves (pi. 4, fig. i), 
chisels, epoiir heads, and copper and brenao vessels of various shapes, 
all go to show that Chanhu-doro was a greitt center of mcLal working; 
hut %v’hfithor hrousH! or copper waa the metal moro commonly worked 
cun only Ire ustrertained by analysis of the material obtainoJ,' Con- 
Eiditrabla fikiU in tho working ond ctisting of bronire b ahowii in lUo 
fosmotie jar (pi. 3, Cg. 3), and especially ia the toy cart with a pent 
roof. Tin? latter shows na u type of vohido tliat was in common 
use at the time, for a vory elniilur little modot has been foiuid at 
llarappa, well over 400 milce away to tho NE.* 

Important ovnlenco of metidlmgical precUt;*) w’ns Qia number of 
Email muBses of lend Umt were found, evidently tlie remains of some 
eonsidorahle working in this metal. TIuhmj fragments of lead me 
now being osaniinod for thuir silver content, hut it may Ire that any 
silver that cudsted n-as extracted bofore tire load reathifd Chanliu-daro, 
No akdaUd remainB of either tire Jhukar jjooplo or IJaroppa iieoplo 
ware found, have a akuU that had been placed in n laiga atorago jar 
(Ogethur witl) a ^mall ntllaction uf metal objects and a largo conch 
shell. Some care must have bireii oxtreewt'd in imrertiug this skull in 
tho jar. whose ntietiing waa barely VLide tniuigh lo receive it; and why 
tho skull only was tbns carefully prwierved lutd not the oUrer boiica h 
a luaiter for speculation. 

Hood waa pracUcod even more pxtetisivcly at Cbtudiu-tuiro 

than tiretol working. Tho long agate and carncUan beads of harrel- 
cylindur diape, of which ao many litre specimons were found at Mo- 
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honjo-daro, wflra qiiit-c (XfsaiWy made at Clmiliu-tLiro, for largo 
Diuiitjers of Liicm wem mienrtbed in all tlio varlvua fttagas of ojakhig. 
Tlie lonii reetungiiUr alip^ of stone stnicrk from the parent nodulo 
were ilret llakvd roughly into riLapo, ihen, aftor carofut oliJppmg to 
remove tin- angle*, they tvero gjouiid into U)0 requmMl rylindrbaJ 
form hy rubbing im a pioco of sandatoue, which became deeply gro<i ved 
ill consuMiucDco. The bends ’were bored tiolh ends 'ivitb a stone 
drill, and they finally received a polish that sho-is's the eraftsnien of 
ChanJiu-daro to have had long experieneo in die art of working hard 
atones. Thft 3U>na rlrilli* thut were uslvI, of which a niuulier wore 
found, both whole mid broken, aro a new iliscovctyt it has hiLherto 
hoen siippose'il that in ancient Limes stone beaiht were liored by mctma 
of a fopfwr drill wjtli Uio aid of nn sbraaivo. Tlinae atono drills, of 
chert, miJHt tlismsejvea have taken couaidcmble time and labor to 
ah ape, and aa their hardnes is about the same as ihat of the stones 
used for Iwad making an nbienive niuet Imvo been iiEod witli them; 
but wliflther tJio latter was emery or some other material we have yot 
to discover. 

Heads 'n'cro idso miide of softer materiaU BUeli a* nleatite; a tiumlHir 
of tubular simiMJ, stuck togetlior by the siiUy soil and iividcntly once 
ctmtained in a fine haikot which liad perished, would, if placed together 
end to end, run 35 to -10 f-o tiie inch. How they ware shaped and, 
even mo re, how Uiey wero bored is at present quite incomprehensible. 

.Save in tludr ©xtmordmarlly skillful boiid'maldng and also in the 
munufucture of weights—a auhsidinry industry—the people of Chanhu- 
daro made little use of stone for otlmr purposes. Copper woa evi- 
ilently so plentiful that «tone implements had already been pmctitsaily 
discarded. Itlbbon-Bakes .struck from a core of course chert were, 
iiownver, doubtless used as kitchen knives: they were found in nianv 
of tho hniuifts, together with tlio cures from which they were s-lxiick, 
and it is evident t.hal tho Jion»cwifo pro%‘idcd faerseif with simple 
knives as easily ua she dlscardorl tiiera when blunt. 

Stone was occasionally ustKi for ran co-heads, Ijolh of globular and 
Icntoid shape, for drill-caps, and oven for dishes; tho hitter, how'ever, 
wore both few in uudiIht and very clumsily niudo, Tliov were, 
moreov'cr, soinutiiaos niaiU' of a eoft fonu uf ahil>ii.ster, a stone which 
does not wdlltfltand corro^on by aidt. A large number of reotiingulor 
atoiio pabdtea wMb Hinooth level surfitce* wore foimd, but tbe great 
majority were broken. lliey w'rre probably used for preparing 
coamotics and niiiy have been plae^d on Lbu sinnl!, rougbly nuide 
pottery toilet tables \ritli four short legs, wliidi also wore rarely 
found intact, 

A rejuiirkablc number id toys w'cre found at Chanlm-<biro, far too 
many, it would appear, to have suppliwl tlie wnnU of tin- cbifd jiopilla¬ 
tion tbore; it is possibbi tliiit tHiy-makiiig aUo wan a loea! industry. 
Toy vehicles of various fiha]ies made of poUery, mounted on two or 
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four wh«?b and ilmwti by n jiair of bumped oxou ua in muderu Sind, 

form nn U'tercstiriif fcAtUT® of lIip coUcctJou in tbn MufiCftini fpJ, C). 
Potlejy model mins, with the flmco indicaled by luus of red point 
and iiiountod on two wbeola with a bole tbroii^h tbo nt«'k for k dmw- 
ukring', were cAiaimon playthinps. Marbles of ptittcry and utoufi, 
wbistlVa oToid or tiliiiped liko bruia (fil. 4, lip. 2), and briphtty colored 
mtilos for the younger eliildroii wore Bbiyutflnl. The botter mudo 
plflythiiips in Uu; Muei^mn collwtlon nro undoubtedly ilie work of pro- 
fessional toy makcrR; but thi' children nifw mBde toys lor tJicniaolvoa 
in mud, and baked tlmtii in lioles in tbo ground c«vercii witli fuel. 

A niimbor of fiottery figurinos were found of ibc Mothor^godiletiSj 
wbo was nlfiO worshippcti nl other centera of Um Unnippu cultiire. 
Some of ihtfie fiputincR wear ii curious fon-ehaped bouddrees ornu- 
nirated with bonds of material, unless it is strands of hair that are 
represented, carried over a support of some kind. The noae was 
simply pincliwl up by Gnpor and thumb, and in the depressions thus 
formed pallets of day were eet to represent the oyos. Possibly ihcro 
was ono of tlics*' little fipurea in every house in a niche in the wall; 
and with them Uwre aceni to have been associated the lUlia model 
doves with outstretched wings, each with a hole in liio hnse to set it 
on a wooden piti. A& wc know tliut t he dove was intimately connected 
with tlio worship of the Muthefijoddees in andient Crete, Sardinia, 
Mesopolantia, and elsowhere, It Foemfi likely that it was in the liulus 
valley nUo. Theso bifil fipure'B were most probably voilve offerinps, 
pluctd in or iifion Un- alirine of the Great Mother in fulflUmont of a 
vow or in tlu- liope of favorb to roiiic. 

Tho sfikls—or retlirr sool-amiiletK, for they undouhtedly served 
both purposes—were nil mmle of stetitilo. In aliupe, mutcriiiS, and 
the utuiiuils enprttved upon tJiem, they are identical with thoeo found 
at Mohioujo-djiro and Ilarappii, and many of them wore sinuloily 
given )i sniiHith while surface to euhimea their appearance. The 
animal ttiust often neprt'jM’iilwl on Ihe.^ wal-aitiulets uu oxlike lieaai 
ntwoys hi profile wdth n single iiorti fpL tl, fig, 1}. Tliif* creature Ima 
been identilied with the urus^s, o lieust which extinct in moat 
parte of the world, llefore it, there is always phwed ft curious upright 
object, which on the bolter corveil scab Ls seen t« have beeu made of 
wickerwork (pi- 0, fig. 2). ^Muit thh; objoot really was is os yet 
uncertain. It lins la.'an identilled ns a fodder-rnck, ft cage for a bird, 
and an altar. That it whh iv cult*eibjcc.t is, however, ratuiiii, for at 
Mohenji>-ilBro and Harappa amulets havo been found on which this 
object is carried on ti stall in what w.'it* ohvioiisly a roltgioiiii preicosaioii. 
Tilts oxUke imimai with its cult object is ttnieh tJiw nu»t conimim 
tlovico on the souls of the llaroppa culture, but iheni are other aninialu 
aW on tbcacals. Tho collection in the Miioouiii inctndca an elephant, 
uu antalopu (T) (pi. ti, lig, 3), and u sliorihornod bull, which unlmal 
was ulways rcpntaonlcd with its head lowered over a imingor. Tho 
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plotogruiplaio ^mpt nltorb tJic Jins ntill Lo b« dccipbertU, aiiri df 

thj£ Uiere enmift little prdfipdct until n biliDgunt ins^uiptidii bu bosn 
fduiiil. liiiTc great Itojieii tiiut sijcli tin uiiicriptJcitj may tw found 
at C'hiinljUHlnrdi or, it may bo, in Mesopotamia, for we hjiva undoubted 
proof that tho people of Jiaruppa culture traded witb Mesopotamin: 
objects obviously made in tluit country liavo becu unearthed at 
{JaropptL and MohenjoHlaro imd a cousldvmbli! nuinhar of svaJa like 
tboso in our coUoction, uud obviously of Indian workmansfiiji, have 
boon found in tiic Suiuerimj, 

TJitaie iJ«al-Annili)l^ were mostly carried on tint ponmn os amid eta, 
but that tliey wero ulao used as ecaid ia sliiown by a seai-impresainn, 
wlijfih lioa oil tbe back thomorkB of attocluuont to something, probably 
a Imte of goods. Another scol^impression, which bad been carried 
utmut a long time and so tmd t>G{m badly rubbed, niiows two women 
supporting a staff heiween tliom froiu whoso top projoct Llio brundiu# 
of a pijwJ tree. Tliis tree is still aacfotl in many ports of India, 

TIjp pottory of the Haruppo cuUuro i- easily dfetitiguisbablfl from 
tliu worw of thfl Jliukar cultun^ foiiml ftliovo ji. TJie deoigns pnintod 
ill dense black on a liigldy burniidi<yl red (dip distinguished it fpom 
mty other potloiy fnimd in fincictit India (pi. 6, fig. 4.). A very 
common motif is baaed nn a jierios of interscotuig circlcei on eomo of 
tlio sherds hardly rocognistahlc, but on otticra bo ilucly painted os to 
be almost mathematical ^1. 7, %. [), Thia motif wb» usih! on ixitli 
liinro and Bmuli jure and is peculiar to the Hfireppa culture. 

Anotiicr niotif often lifted at Ohanhu-doto, but re rely at Mohenjo- 
daro, is a aoene of peacocks tnfilt, flmwn in a very sketchy w ay but 
nevertheless quite recognbeoble. This design was very' generally 
n.scd on lim largo jam, probably used for stormg viater, fraginonffl 
of which were foimd all over Munud fl. TJieso jam ware carried 
in repo Blings 3U3]>nndod from the a lion Idem of the water carrier, imd 
on ihifl account the designs Imd often been pnrtinEEy vrom awiiy by 
Ibf! frtctktD of the sliug. Evcai quite small ti^uiLh were omamenteii 
ttdth point, even if only with a few bands of red round the ahoiilder. 

Certain small pi>tti‘ry vosssis all very much the tauuc eii;o nud 
fdinpo, seem to have l)cwn supplied by ehopkmqufrs to purchoeem of 
sifjuill quHnrilks of cooking od and Hie like, os at the firoseut day. 
f>ther sinolJ jam witli ovlrooidmarily narmw' Tiioutba ojune contiUmid 
irii eye point, which cosmetic wjig apparemtly umd by men and 
woRjon alike. Of particulur importjuica is the bninise oosmetir jar 
with diJtud sidts, wWb i* n luitablt! fisatiire of the Muatuim colinction 
(pi, 3, ifere migJit bif rncntinncd a rvetangukr slip of red 

otThro witii u bevelcrt end, wboHe vliape makee it more than Ukoly 
tftivt is wiia usw! as » far* paint, if not actually as jj|)edck, 

Tlie small conns of pottery orsludl which were foiitirt b iLn Harappa 
lovels at Gbanhu-dorn are somewhat of an cuipma. Viuy siniiiftr 
conm florvod ui architocturtil purpose at Wkika, Ur, and otlwr early 
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Siunpriftn hilt iiHSuUifiiciil uuinliare ii&ve been fowid iit Uio 

IndMUi silts to 'VTftmint the RfSUiiiptioo that tboy ivere put to n like 
itpft, I’boy may have bt'WJ cult oitjccto, or svwi flJdttlee to lifl kfuxikcn 
ovpf with mfirbUsi i am iucUiiwl to r*^g»trd Umm us tJm farrnor, for 
they appear among tlio motifs on tome of tlte piiiiitoU pottery- 

A Iwim mimhor of chert weighted carefuUj imwie mid 
form ptiri tjf the Masiiuni t-ollectiaiu nearly aliAnyF cuhi- 

caL and tiioy bolong to a dolinito systom, with tJio simple nitiDH 1. 
a, 4, 8, etc. In weight tlmy vaiy mmarknbly IttiJe fmm those foiiml 
tLt Mohtmio<J(Ut>, find similar woiglito from Tinmppa, iimre than lOU 
milffi NE. of Chftiihii’dato, havo Uw same antual weights nccor^ig 
to Uioir reep&ctivo eiacai proof tlmt the mithoritiis of tliOHC days 
esormsed strict supGrrision over tJiis very ncoosaary adjunol of tmdo. 
Indeed, it ia probable that somo of the moni carefully fliiiahed wtighto 
exbihitod in tho MuBfliim were iiiester weiglite by which others couU 
Ite testeil and rcctifijod- 

In the iipptwmost bvol of Uio llarappa culture there were hut lew 
iftUct buildings. LliouKh rtdics of houses end an extousivo drainage 
svBtom were found in Um elratiiui oil orur Miiund 11. Tho ooeupa- 
Lion iovcl bfltnw was in a bettor stale of pmsen-aLiun, and atroota 
and Ifinca. oach with ita houses and draiiiB^ woiM more or h-as mtaot 
and conld h& saLisfactoiily pUtme^d. Houiaina id h eatUer oc- 
oupation were revealed in tho uxipor part of a targe cutting that w^ 
nmda til th$* m^tcru ^de of tlie iiioun<l to test tlifi Ih?1ow (pU i 

fig. 2), and st etiil lower IovgIb wem fouud traces, of other occupations 
until tlie aulitoU water prohibited any lurtiicr dig^ng. One verry 
striking fcBluro of llioto occupntitin levels in Atound 11 was that each 
w«fl scparatoil from those below and slmvo by a cotislderabla Ispee of 
LiniA^ At M.fthflnjcMjiiro oni> Anctipivtion folU^wi^d on ftnoUw^f m bwi t 
4 iuw.^<jflaion, lh« laier liuUders aim ply ueing tlm wiifo of Utid r ]i rcdp- 
eescors as foimJa lions, thus prcsorvuig tlic aJineiucat of the stroi-to 
and lituuHa over a very long porioil. At Clianhu-daro fiuito a lonsi 
erablv auimmt uf delitis iwparutod tho two uppermost llamppa occu- 
pations, and ibt' biiUiliiies in tlic siratma iwxt bulow these two were 
orientated qiiito dtilemnUy from Uuit*c nimve Uuitn. ludnotl, we found 
tmple evidonofl that It was destructive Jlofflls limt ejiiuHsd the city to 
be doBcrtod for considerahle periods of time, during whioh largo 
titles of bricks worn rotunved to build dsowbero. Thn walls of tho 
Uifi-e upper ocaut»itiotis of tho llurappa cullur« bad in tonu* casofl 
been to unibrmlnod by flood water, mul tilted by tbn conficiiueut 
siihsidotife, that wrt had to roiiiovo the upper parto to avoid nak of 
their falling on mir worker. Even the brick flooriug of rooms bad 
fiutisidcd boro and thero. Wo at first llmught that this inrgu untj 
nf the walls was duo to (‘arthTitiako t but, Imd that bcuii so, the n»oniB 
would havtj cotifnitHiil frtlton liricks. At least throe llowla, tho tliml 
of wiiicii was pt'jba|i8 tha great flood that led to tho dracrtion of 
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MohmirMUrn, hove Ivft thnlr truces nt Chnnlni-dHni. Living mi the* 
httnks of H gmut rivi-r rtiuniag through lUi sUiivtoi pluin tiiiM havn 
proved even mote dlsconcenUig in ancient times ihtni it floe(» today 
in mnny [iiiitii of the world. 

The bricks used st C^nnhu-daro wero vwy much the same sire sc» 
those of liic other Imlus cUiea; they uveroge H by by inoIicA. 
Mjwle of welMired elayf they oro wcH-shopcd Lul have no froggmg of 
Htiy kind. The mud tnwftor used amply served its purpose. They 
were JuiiJ to dry ns they wore sliapist in open tuolds^ and iteeasiotiBlIy 
otto is found o'ith (lie impress of an animal's fool. For Hpeeiid pur¬ 
poses, such as linmg we!L^, wedgo-shnped btioks wem made, and angle- 
hricks and half-sized bricks have been found. Bricks were ultfo ent 
into variuiis fomis after being laid, as in the recesses of water-chutes; 
and those forming the i^omrra at the junctious of drainago ebii rimd s 
wore often carefully rounded o|T with a chisel so as to uri|)ede tlio 
Pow of w'ater as little as [Hindhlc (pi. S). Most of the drains were 
liiiide of ordinary hrir kB, and they were laid only a few inches Indow the 
etirfaco of the ground so thnt they might l>e got at easily for dcatung. 
Owing to the doiunlitiun of many of tlie liouaes for the sake of thdr 
bricks, whenever tiic sita was deserted, few of the hathtiMHus were 
foumi intact. Those few were eimptc platfonns, of camfuily laid bricks 
edgiMl all round Lo a licigiit of aome 2 inchs, with liricks laid on (Kigo; 
the w'ater flowed away through an opening that sometimes coiumUiu- 
cated with a Intrine pituate4 bolwcon (ho bath and the street waJl, 
and tlienoe Lliroiigh an aperture in which (ho cllluonta passed to the 
atreat drain outside (pi. »}. Thara is no <loubt that tho annitniy 
system of the ancient Indus cities surpossjcd any other of contem¬ 
porary date, and it is quite safe tet say that it was superior to that in 
many modem orientfd citias, ivhioh ciwUeation scorns hnraly to touch. 

After the partial luvding of Motifid tl, a trial excavation was 
comtmincetl on the summit of Mound 1 (pi, tO). Ilcro several build¬ 
ings were laid bare, also of the Hiifappa <^uUuro, but slightly later in 
date than tltoae in Mound EL It scemH iJmli .Vtuund 1 was occupied 
by the i»ei>ple of that cuUiire lat(T than ^vaa Mound IL Ilcto, loo, 
A few shards of the plhtikar culture were frcintl in the uppmiiusl pari 
of tho mound, but sci few that it seems that t]ia .Ihukar people only 
visited and m^ver actually lived (m the mouml. Mound 1 ulfars 
scope for con^tlerabie and prcifititblc mvestigatiou, and them is rcasiiu 
to think Chat it will pr^rve even ninto prmluctive of musH'Um objects 
tlian the fortunati* (itids in Mouml 11 which have ac» greatly widened 
tht‘ huriaon of mir kuowledgL*. I'ha dburuverics of a new phase of 
liidbti history with far-flimg cultuml con (lections, and motal ohjecta 
of tjTMSs never found hi'fora, toj^clbor witfi fresh insight into the vafCous 
arts nnd crafts of a great civUmalion tliat 2t> yearn ago was unknown 
and unsuspected^ aiicL are the rosulta of one suialJ aiuisou^s work of 
Americans hiBl orchcologiciil uspediUon to India. 
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Diiiing tlio hsi huDdn&tl yeara the work of nrcbealogial^ lUJil ijliilol- 
ogists haa brou^jht witiiin ren^h ef our knowledge tho riTilUaiiona 
which ppocinloj oiira. There are ati)l many who mock ut arrheology 
a^* the hmocuoua diggteir up of pi(U':es of a[i«:;ieiiC pot^^ and jmflixy inoro 
to whom aivheology ia mtroly a romantic sciirch for ohlocta ot gold or 
for materiftl of anecdotal iiitore$i about anfibot kiogs and queeim. 
But to those who understand the lueamng of hbtoryi rutihoology lias 
the fn^olMahk function of making avoilahlfi for historiefti stkidy the 
facta of p4*st drili/Jitions. From fmda in nmny sitos^ anil from the 
decipherment of countless inacriptiofis, we ha¥e bcon nhlo to piece 
together aomo knowledge of Lbe cultures and scK^ml strui ture^ ant! 
huiguagoft of Egj'pt and of the Mesopotaiman arena. More recently, 
exeavaiioiia in Asia Minor have licei giviiig us a picture of early 
eivilkaticins in tlmt area. 

In Syrifi-Palesline^ however, tliere boa Ijeen rompanii lively lit Lie 
loige-ecala excavation» The rivilization of that area vras md. UJi* 
know^n to us, both from tho liebrnw reactions to it m Llie Old T^ta- 
inent, and from its later contaeta w\lli the Greeks and Konmtis* Frum 
oiir knowledge of Egyptian and Meflopouimian liiatoiyi we gatliemil 
that thifl was a |iM>Utici]ly weak urea of small city-staUis. There waa 
no far'^aebing empire here wilU great kings and much gold, and the 
hist exi-avalioue in Falcotine yielded few objet-ls of headline value. 
Partly for these roasonaj partly hecaueo of tlie negative jiidgm^^ 
of the Bible, the cerly civilization of this area was held of little iin^ 
porta ncOi The Phuemeians ivora explalnoil os morely homo were of 
cultural trials, or nl IhwI mci lie tore between great culturoe—oa though 
culture did not noniuilly borrow and moiliato and adapt. But in 
apite of eudi value jiidgments which ill befit hiatorlona, pwple have 
long l>ccn eftger for a ilirect word from thin rivUkjition which borders 
in so many pointo upon llicjwa which proccdeil and fathered our^. 

Rna Shamm w the firsl site to give m the lu^giimings of nri authentic 
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gfizioraJ pictura i>f iliut i^iUiijTflp \hB fli^t to C^Aiuilt^ 

liicniiurii. Tilts spectacular ebameter of scudo ef its finds tuivi:f 
xittr&cLed wide noUrei but its im[>ortaacc for our uudci^utoding of the 
Ubtoty and Itiigtiifliics of ilmt area is gimtor evon ibaji tite inicreat it 
tiA^e^'uked in the Fichukirly wiirld. 

niBC^OV EKY 

Tlic excAvutluns at Hus Sbamm begaii eiuiply* Elnrly in J92S an 
Aloiiito peasant^ working on Ilia htui] on the shore of tlio Meditormnean 
stniijk a fitono dab upon rcuui%'jd, djarbeed a at4Ufway loading 

TO an underground pii&sage^ It w^as an otd Taolted tomhj, and Lbo 
peasant recovered from it soroo ohjectfl of gokL News of this reacljed 
M, ViioUeaud, director of an Liquifies in the French Mandatory Gov- 
i^rmnf'.ni over Syria, and in llm following winter n French artdicological 
iWp&Ulion was sent ttiiero tmder MXf, C. F. A, SUmedor and G, 
CbcneU They ej^cavatod nt tiio first spolj a bay eatlcd Miuet el- 
ftcdfbt foimd addiilnnal tojubs; toward ih^ eud of tbo eeoson they 
worW on the mound nearby, and unuartfiOil not oidy mmy weaponSj 
alaluettC9| and other objei’-tsp but also a store of cloy tablobj some 
written in Akkadian cumdfonii, otliors in n new ctnd unknown cunei¬ 
form alphabet. This last discovery justly received unequalod 
attention I and die conlinmlLou of the axcaviitioin was caaurod^ I'be 
work has been carriod tliro^igH with umnipeacbablo methodi a fact 
dfi^^rving of note Iti %iow of fbo many dangers of commi^un and 
Qiuissiiui in arriheoJc^d*-^! ilie iiuporlunco of iiietliodkal nod 

tochidral operation. M. SchucJtor Iim publiab&d the aunual reports 
in tbo French Journal ^yn&t where M, ViroUeaud gives unuaually 
difiir and exact copies of tbo w'eflUb of important inscripfions which 
liavo como to light. 

THE PnAOE 

Minot cl-Beida Pori) is a nmitLl bay in the northennosL jiart 

of the eitBlom (Syrian) coaat oi the Medlttiranean Scu, about 15 
kilomctem north of Ltfttakia. It U the simt on tUo Syrimi conat 
opposite the ca^Uirci tip ul Cyprus, which cou be seen from the Jiigh^ 
lands hehind the bay. About 1 mile inhind stands the largo tcU 
fiiimind covering nitdaul rnina) of Has oBb-Shamm (Fonind IJesil)^ 
liieters Liigb and almost 1 kxlonieUvr in diogimal. Tbece ore otbor 
tails along the coajit, biding ruho) of other dties^ wiiile just to llie iiortli 
rises the jiromoalory of Moii$ Carius, 1,700 inelera !dgh« VVliat witii 
llB promment iindtjoii oppo^Lc Cyiima, mid i ts over land passes aaroaa 
the mountaina to tbi> Syrion bintcriandi tJiis sjwt w as a natural loca* 
iion for the development of one of tbo great dtlcs of the ondant 
XmlC Kasu 
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iirK aoccESsjvji o^citpations 

So fur, only a Email part of iku aurfni-o of llifl loll hnp boBii oxrivTutod, 
liiif in Umtsoctltui lLo diggiiijj hafljfono tiU llio way liown to TitEiii soil. 
Wo may, tUorcfore, iry to collocl t)io general ticta about oacli strolrjTii, 
going liowi) riuni tbo topntoi^t (tibiloricnUy moat nv;i>Dt) level: 

Strainm J-A —Miiidlt tj Ji-i{[tite^nih4hiHetnth etntury 1?. O*—Tba 
finda, both at Kus Sliaiiini and at Minot el-Boida, are ovei-wfirUu- 
ingly Mycenaean, ^‘h^!^o are vnidlwl tombs miich liko llioso at 
Mycoiiflo, nsually Tvith otono stoinmyo and small vrindows. There 
aro dnssical Mycenaean pnintoil ums of many kindo, Email porhuno 
vasco, muny of tliom iiiiaot, largo lorra-cotta jars for wina and oil, 
lull Mycenaean goblets in tbo fomi of fn minin n beads. Some are 
quite Uko Etnnlar objects found at I'lnkomi (ancient Sniiitnie) on the 
lip (if CyptiiB oppcwitc Rtis Sliamra, having i^i'cn tlio same pottor'a 
marks. Much of this must, therefure, hnve been inqiorted, but Uien) 
am signs of «icb pottery having been miule iocnily, too. Thoro arc 
oLso delicate objects of porcelain und gloss, ivoiy boxes for boudoir 
paints, Hlgypttiin aiabastcr vaacs. Tools and weapons—daggers, 
ox beadB, long swords—arc of bronxej jawclry is of bronze und various 
HemiprmnuE stont^, with necktacca of Egypliou |>earls, pobl pond an (a 
of .^tarto In Pbocnicinn ntylc, and sonic rurc tron jnwchy foro- 
shndowing the approach of the iron ago. Fiipirinea of geddessea nnd 
gods, nnd bonas of saciiGcod slirop give n hint of the religion, and some 
amaU taldcts in the onndform alphnhot have licen found at tlio toll, 
witli one or two at Minot cl-QcIdn. 

Slrattttn. [■ li — Fijletiulfi-tiiiddli of Joartirnth ccnltirp P. C?,—Tlifi 
port settlement nt Minct el-Beidu sooms to Lave been [lumded diinng 
Uiifl period. Botli at tlin port and at Uio tell ibere aro Cyprian 
ohjocts, but not IVlyccnacan, and Rhodian pottniy aiich as ta ideo 
found in Cypnis, the Ofontes valley in %riUj ond Ggyiit- From the 
end of tius period como a gofd plate and gold bowl of tine workman^ 
ship, reprosonling a hunt and various ayinbolic tigiirea. The pottery 
is lutgdy local, of CaniuLnitc types. Here, too, are the foundatums 
of two rtconstructod temples, one of Dagan, with two ulpbabctie 
inseriptiojiA dediRated to him, and Iho other of llnal, with an Ei^tiau 
side calling him Baal of Sapun. It Is near 11tb temple that 11 lo gTcat 
storo of inbloto was found, containing long mythological poems, 
syllabaries for toacliing cuneiform writing, and texts of cult inetruo 
tiona; this must have been tlie priestly snrilud selmol. OUier small 
tablets Imvo been found else.w'bere, and also a gtvup of ax heads 
iiiseribed in the cuneiform alphabet "ax of (lie chief priest./' 

Struhtrn II — Tv^rut^j-Jint itijitriAK erntvry B, f.—Here are Lho first 
foundaliutui of the umiplee of Diigtm and llaal, and front Uic end of 
f his period comes an Akkadian letter written by the local king Niiptml. 
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Tlio potUiry b aliMHi fntJwJy (’aaaiuiiUj; i. e,, of Ulb types fotmd ul 
contemporary PaltMlinmd «te9. Only towimi the end do wv ImU 
n few Cyprian vases. Thoro ana figurines of deities, bronse weapons, 
silvAT and bronze jewdry tnticU lifce those found at the grunt Rioc- 
nician city Bybtos. Epyptifui objects, of tJie twelfth dynasty of 
Egypt, uro numorouB, including many scoralis, n sphins wliich was 
llic gift of riiaiiuih Ameuenihat 111, and the statute of an Egyptian 
commisgioncjr bo Uaa Shanin*. Below this strutiun is a largo layer of 
sterile soil, dioiviog tlmt !n)nio time elapsorl after the destruction of 
tlic city of stratum lU before the site oraa reoccupbd. 

•Stratum J&urih miVfennium-wiest ^ mfiffiitiinm 

B, C—The upper port of this atrattim j-idds poor mipaintcd SKitteiy 
of Canaatiito tj'po, Below it is a fine piunted pottery in gwunetric 
patterns, fliinilar to the Mtsopotamian potloiy of Jcnidet Nasr. 
Pottery of this type, found in Cyprus, can now bo approximately 
dated l>y coiiiporiaun with Ros Shntnra. There aro largo buildings 
of unbaked brick. 

Stratum IV~Fimrth viiiUnnium.—TUe top of tlib stratum again 
shows unpnluted poMcry, 'ITien comes polychmmd ]ialntod pottoiy 
of geometric design and rare beauty^ dilTerent from that of stmtuiii 
in and similar to the famoiia pottejy of early Suaa 1 in Peraia, cl* 
Obeid, and the early levels of Carchemish tind Ninivch. There is no 
metul hem; tools aro of stone and Hint, of obsidian and bHux. Thero 
aie traces of hrick buddings nhich have ticcn burned in some great 
fire, 

Stratum V.—Tliw atruLum of uiibnuwm dumtioii is definitely pre- 
htonxe. Tools are of ettme only, with great use of Eilex; oljflidiun is 
fan.*. The pottery is arthnic oml iinpointt-d. The lower levels show 
noolitliic ciilturo, tind bejew that is virgin eoih 

H]f5TORY OF ITGARIT 

The site of Kua Shaiiini has been idenUfied, first by historical 
inference, and later by Ojstlmony of its own tablets, as the ancient 
Ugorit, known from the Amoma comcspotidonce. It oxiuhits on 
antiquity which rivals the great mounds of Meaoiiotanua, having 
been occupied from ncotlLliic times. In BiicccsBiYC ages it was in¬ 
habited by peoples of the aucceadvo painted pottery culturoe, related 
cidLiiraliy to the broad areas ol piuntoil pottery in Minor, 
M(i$fl(x)tnmiu, Peraiu. During (he third niiUimmimi, at a time when 
and Babylonia already had cantrulhted govetnmoiito, tlicro 
appears a culture primarily related with the Canaan!te area to the 
south. Wo may call this tho runiing of the Phooniaana (or Canaan* 
itca) into (.Igorit, althougL we must bo wary of identifying cultnnd 
changes with otlmic movements [culluro being understood to inctudo 
idso idl forma of niateiial civilization); not every great chimgo in 
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ctilturnl tyiM* nleans Ltie coming of ii new poople, for otiltuTal furms 
often spread for boyond tho borders of (iio peoples wlio developed 
tbetn. 

Early in tho second miUonnium l:garit developed into an important 
imdo city, now certainly Fkoenician. ft was imporlout to Egypt 
during the twelfth dynasty, and w w perhaps under its dotnination. 
Tilt! end of tliis period is tho time of lOng XiqmoH, in whose day the 
long mytholt^r^ poems may hftvo been written. Some time during 
this [lerioil, perhaps in tlie uneortoin tiinis hotweeo the Middle and 
New Kingdoms in Egypt, Uie forUticatiou.s of Dgnrtt were dknumtlod. 

iVlth Uie New Kingdoni of Egypt, Ugaril continued in its impor- 
lEiiicc, pfohably.lik* Uic otliep cities, an E^ptian protectomle. Dur¬ 
ing tbo troubled Chnee of tbc Anmniu eiirrcspotidence, Ugnrit was 
sacked, apparently by u Mittite mmy around 15(15 C, 

After this deelnictton, with the weakening of Egyptian control ai^ 
oomnierdal contscis, Myceuaeans seeni to have como to Ugorit in 
large niinihora. Around tbo port of Ugatit on intomational aotUement 
of sailont and traders bad grown up during the preceding period; it 
w^es now large, and per traps cldetly Cyprian itt popnladon, liiougli we 
need not infer Unit Ugarit was conquered t)y Xlycenaeims. Thu city 
was independent of Egypt; in Uie great battle of Qadesb, Ugaritic 
tTooi>s were omoog the enemies of Hamsca II. 

tVben the Peoples of the Sea spread over the eastom Medltcmmean, 
they seem to luivo either dcstroyoil tbo city, or settled in it until it 
W'a.s destroyed, perbnps (tliougli improbably) by Tiglatii-I'iicser 1 of 
Assyria on bis Syrian campaign. 

At nil events, Ugarit was destroyed at obout tbo end of tlie twelfth 
century. The site was iidiabitcd from the eigbtli centniy, for a time 
perUnpa by a non-Semitie (GreekT) population inung saroopbagu-s 
biirinl, bronice Jewelry mstnmiantB, iron woopona—^Ugarit is now 
in t.be iron age. l-oter periods yield Keo-Biibylonian and Egyptian 
objects of tbc ai.vth and Gftb centuries. The city maintained itself 
into Hellenistic timim, for we lind Greek coins of the luiirlb esntuty 
B. C., but under die TTellcriistic Sclcucid kinga of Syria Ita place was 
grndnally taken by [jitaLia, a ueaporl u few mites to llit* aoulb. 
Since tben the site itcudf has remained uninJiubitcd. 

UOAIUT IK Ttin ANCIENT WOULD 

In ancient limes l^gnrit was one of o dioin of seaporfa along the 
eastern const of t)u> MiMliterraneon, morkcii to this day by Udb of 
covered ruins. TIicm and the intond towns of Syrin-Palestine were 
all seporato units. There did not erist here Uio samo local tiocds for 
united action which batl caused tbo growth of controliised govornmenta 
in li^pl and Mesopotamia. Bnt laugimge, culture, ami population 
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w^ft TTiiic'li tliu flftiiH? ovflr Synft~l'flipsti.ftc] Jind tlio I'onstJi] io’v^ns in 
panieulur, whnt witli UiP sinilliirii.v of lliok occupaiiims anil internstB. 
bad developed (wco^fuml cooperatiorj—at Uuies porbaps opproflcbmg 
ft midu oomnierciftl tovniSn Tlimigli it was far to 

Old (lortli, Ug^irit must huTO hud conwiiembit) roiitnrt ivilli tlifl 
Phppmtian till ica. 

ciiUiiml <md nxinmicrciiil contact witli Meenpolamb muat ^ 
Luiek lu oftriUssl iiinM, witness tbo objects of Mcst>po(ftniiaii origin 
tt!nl UBp of cuneifoniv writing- TLc coniiuucil contact may be 
gBtlierrd from a lotfer (o. 1300 IJ. C.) «f an Assyriiui, Bcltibur, U) 
[lsb»r in Ligmit, infonniog liim of ft dncmtnmt bn was et'jiJiiig to 1* 
refld to UiD QiHHjn of Ugarit. 

WitU Egypt I llUttrit bad oomtneTcial anil puliticftl rebtions, ftl baiEl 
fpim the bogititimg of Ibo second miUoimiutn, ibotigb those cart linrdly 
Im* tjompared with tlio close relftrions between Ifybiosnnil Egypt. 

The Mveenienn contnctSi, wliich bccamo bo pmininent biter, begnn 
witli smnil traJo hclivcon Ugflrit and Sakmia in Cyprus, in ftlumt the 
Boveutcenth rentiiry. Al tlitil tiuio ihe potlery in Salamhi, ds^shown 
by tlifl Enkotoi cxcuvation, was olmoftt entirdy Syrian. During tho 
fiftconth^fourtccnth centnriea Salaiiiw luid iiotli Cyprian nud Sj-rian 
pottery; this Ir the period when Ugftrit hud a groat tleal of Cypriuii 
pottery, and perhaps the (joginning of n CJyiirian population at its 
port. In the end of tlie fuiirtcenlh century and diiriue tho tliirlwnth, 
Siilamifl Imd only Cyprian and generally Mycenaean nt tiiU 

time Myoonoefin objoota and tombs were paramount iu L'gartt, and 
MyeonaoBU ware ia found elsewlitre in Syria, The People® of tlie Sea 
who took Dearit obo cut off MyecTKiefln irftde in Kenoml; it was only 
after tliot break that tho PhoenicinuB roattmed ilds urmlo with the 
Greeks who inherited the Mytenaean an'ft. Memorii?® of ilib eariy 
ceuiaet botw'oon iJio Aegean world and Syria came down to ilia Cireehii 
in tho form of [egands stieii oa that of CadncioB of Tholiost wlio tiTed 
tong in Phoenicia, and upon his return brought the nlplmhet, tlie 
"CadmHuatt letteia," Morn a4^cftnt for the early period, and 
especially for ITgarii, ta the legend tnld by the BySMintlno Mulidoa 
ftboul tiio tninriagt* of KasuB {epoiiym of \Iuiiut Curins) W'ith Kilift 
(oponyra of lti« Cyprian city CiUiim) dau^iter of SaJuminoa (tho 
city Salami®) of Cj'prvts; after tlieir marriago tiiey oolonized the 
ro^nn of Moiini Caaina (just north of Ugarit) with Cyprians and 
Cretans. The inference of sucti Ii-gends is tliat it was Aegean tnwloiB 
who lirought Phootiieian culture lioino after ^daiting Syria, rathor than 
PUocniciaii imders wim visiU'd tho Aegean and taught it their culluraj 
however, legends aro ofusn guilty uf projection into Uui |ia«l, and we 
enunot be sure os yet of the actual couree of contact between the two 
cultures. 
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TtiK POPUUTlO.'i OT DQAJllT 

Several racfts nud rullurea wi*rt) rift>re9€itt«<] nt Ugarit. Tlic cJiicf 
oleaitnt, ul J«&st from the tliird mittennliiJii, was tba Semitio Citntmo- 
itD| ns tnaj bo soon froia tbo pottot^', tbo longuagi’ of most of tbs 
tablets, ibn nuLjoritj of pciaoniil ntimcs aoiJ neigblKtriiig phicu niutif^ 
rocordod m ttic tsblois. 

Of tlio oUier peoples, tlie Cypriniifi must Iirtc bocn proniinent in 
the fiort fletUement, fts appears from lito nrcheolegicul ovitlouco. An 
otiigmatic text froin Ugarit moTitienB Alaiuyans (Cyprians), llUtitOB, 
Humans, and otlier peoples. And among the personal names, iiml 
tho names of places from wtiidh vorious perwms am sniJ to bovo tome, 
wo bavD many wbieb aio not Semitic. 

Next to (bo Canmtnito, tbe most imjmrtant group aeoms to bavo 
boon the Tlurrian. TJie lliininns wore, during the second uiilicnnium, 
a widespread {wioplo. IIuErion texts and names are found during the 
mtddlo of (bat mHloniiium in Lho ncigbburbood of Asayrio, in Asia 
Minor, Ui Syria, and Palestino. Wo htiow neiUier llio extent cf their 
spread nor wlmt peoples and Inogiiagos wore comprised in tbcni, but we 
know their infltienco was groat, Tbo "Htlrito” culture of NortJi Syria 
(called TIutti lund by tbo Assyrians) was in ell probability Hurrian, 
being quite different from tbot of (lit Ilittito center in Asia Minor. 
The. Hunians w'are im iinportani pIoniDut in tlLO popidutton of FaiesUne- 
Syria, Tbo Tlontaa of tbo Bible were shown by Professor S[K<isar to 
luLVo been tfurriaiui,* and quite a number of the early l^tdesliaian 
tribal und personal n&riiea mentioned in tlio Bible are Uunian; c. g., 
Kenaz, dto Perizri, tlie tumies in { ianesis 36: 20 II., aiicb as Dishan 
(Uurrian Tnisbeiml). In Has Sbamra tJiere are many Hurrian names; 
in one letter idl the people involved are llurriims, altUoiigh tliey use 
the Semitic language, jnsl as tbe llurrinna of Nuzi used the Semitic 
Assyrian. 

lioA Sbamra Uaa also yielded u ayllabuo' (lUgii dii-tiouary} in Sumer¬ 
ian and Hitrrian (to Uaelt cimeifonii writing lo Hurriaii verities?), and 
several texts in Urn tJgarilic alptiabel, Allltougli nur knowledge of 
Uurrian is limited, u'O know it is this iangnago because ef formal 
siiiiiiaritlso triLli tlic language of the famous Mitaniii letter (of Tush- 
mite, king of tbo Uurrian land Mitnnni, to the i*'liarROli of K|!>'pt) and 
with tbe related language of certain of the tablots found at fbs JUttitc 
enpittd Buglmakoi in Aria Minor. Thu Siimerian-Uutrian ayllabary, 
interjiroteij by Prufoinsor Tbureau-Datigin, has been of great value in 
telling us mom of tbe struettiro of the langtmge, and in idoiilifying the 
moaning of some of the euilbcea and w'ords. Although (bis language is 
related to liie other liuman dialects of wdiicli we know, it may con- 

• Sp«lMr. a. A., UMnauUlnlAD Mlfliii. [Kp. Ui ET.; Etimki netiemaUA ht llw »«r ElK 14) Uin •WOOit 
)iiUlimlu4n fi, C, Aaninl Am^. CWASiAt a«A, tStS 
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AtUutc a dJiriTTCtil dinlect, Wktn the eJjihalM'tie iejcta aro iiderpreted, 
Has Shamm will have bf come one of the chief eourcea for our knowledge 
of UuB great but liille-known people, 

COHUKHCli Aim TMt’OS^THT 

Tho imporlanco of Ugaril derived from ita geographical ptwtiou. 
It was apparcnQy iit the bead of one of the chief trade miiUw inland 
from the Mediterranu4iii: Tho roulo to AlcpiH> mid on to the Euphm^ 
Valley ttiid Mesopotamia. Goodfi from ilio north iMioenician dties 
prohably went oast bj’ way of Ugnrit. 1 n nddiliou Ugarit had a lively 
trade with Egypt which it fluppUed witli iht iiigbly valncd boswocn]. 
Its chief trade wss imdoubtcdly in brotiKO. Salarnia in Cyprus and 
Ugarit on iJie Syrian coast were the stations in the passage of bronze 
from Cyprus, proat aoiirce of copper in the ancient Kear Etoit, to 
Stria and Moscipnfcambi, \Vitii the bronze, other objects passed in 
tradv, and whan klyoonaean pottery 5s found in Qatnn in Syria, or 
when n vast! of Salamis typo ia found in Ashur, we may prcanino tlmt 
they passed Lhivmgh the atnlUi and atorortHUiia of Ugarit, Lator, after 
the pcriwl of tlio Peoples of tiia Sea. when iron liegan to roplae* bronze 
ae tho nioflt necessary of metals, tlie extent of tho bronze trade fell 
dodflivBly, and Ugarit never regained the imp'irtatico it had had before 
tbp twelfth ccotuty. 

like tlie other cities, Ugarit had its lt)<?al industries, partly to satisfy 
its needs at home, and partly iu conjunction with itsconunorce. Thera 
aro traces of a pottery inihtsiry, and of a purple industry for the dyclsg 
of cloths used at homo and in trade. There was tilao a broaza industry, 
and the umisctl deposits of copper ora mid slag which hiiva been ra- 
coveretl by tlie excuvatore wart* shown by analysis to hava come from 
Enkomi. 

niTT. in UOAniT 

In spite uf Ihe miiny ohjocta found in the excavations, w'q al^l know 
litilo of how people lived In the various periods. Tho largo majority of 
texts am of mythoh>gicol or cull ccinUtutj Ihorc araa few lellaraof more 
or lasH ijcrsonal natura (o. g., tba Akkadian lattor ohoul the escape of 
King Niqmed’a cfiuarry), and perhaps oiio of politktd contontt Uicre 
are also aonie lists of names. 

Evan so, ws can record that during tJio lafo Bronze Ago (stratum 1), 
at Urn apex of tho copper trade, Uguril was n rioii city, Tho iioiisos ora 
large and spaced well apart; llie more miport 4 tiit ones had vaultwl 
tombs attachad, The woapuris, jeWTlry, ami various objects in gold 
and silver, iironsw, and pottery, ara mimerous and w«ll-made. 

fjttle is knmvn of tho motftods of trading, hut we flo know Uint they 
used a talent of 3,000 Bhekds, as against tho usual oim of 3,000; Uie 
same abort loletit Is employed in Exodus 38: A text of vet- 
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eriwirj- cnrcs> iiives an UJSigbt into I'Jiftir irratmcnl o( Uie iLcu rare 
iu)(t Tuluable Itorees; interenting b lb frcqiinnt rwiominaiiilntii^ of 
driful fig cakes, piracriW as a mcdii'ine in laoiah 3S: 21, anil riUBJJW, 
freqiienlly inendoncd in tlie Bibie as a food uihh) witli the drird 

From i.heir my tint wc may Icnrn sonielhing of thrir own life. Tbna a 
miimago of tliu e<hJs, wfiieb must rcfloet cnrrent or post ciistoms in 
Iheir own mnrriitgos, entails tbe fatlior's wadding gift to Uis daoglilor 
(BiblicHl shillubim), and liio eeUlo brought by Lho bride from her 
fatber's htniw, and ibe old bride-pri™ (Biblk-nl mobar) puid by ibc 
suitor; tlia torms used tire liie same as in LlieItJblo and in Uie (nnrrinn) 
Assyrinn Jfuii texts. 

The iirt of Ugnrit was of varying iitinlHy. 'fhe gold bowl and plate 
nre outstanding and rich, but. do not equal iho best contemporary work 
of Egypt and Cyjirus, They show Mycenaean and Egyptian Influ¬ 
ence, and osLibit motifs wbieb can beat bo explnincti from Cyprus, 
Mffiopolamia, and jjerbaps oiber Asiulic sources; Gflmilor mfluences 
may l>e setui in the locally manufartnred cylinderst-als. One statuette 
of Baal is noteworthy for lieirig mado of bronwi with gold, silver, olcc- 
tnim, and green ateaLiie used fur rarioua parts of Um statue, 

GOlfB, MVTHS, WOBOim* 

The large icata wldch wo bevo arc aiiparetiUy till religious tnytlis; 
whal other literature tbero may havo been, we do not know. There 
was probably little if any secular written literature, for reading iviis an 
aecninplisbinciit of profofdonal senbos only, and even these mytlis 
seem to have bi'cn written down primarily jib an aid to priestly rwrita* 
tiem. 'rhey are of the greatest inleirat to students of tbo ancient eiuit 
and to students of religion and culture, being the flret direct materia] 
of rhociiictan-Canaaiute religion. The Biblical references to Ibis 
rtiligion W'ero fragmeulory and negative; Ibo Greek descriptions, as in 
Lucuui’a doDeaSyria, are 1ut>o end alien. The fnlbvsl account w'as that 
given at foiu-lh hand by Euiwbius (Praepomtio «vaiigelicu i 0) and 
attributed to a Plioeiiiciaji priest SamdiuniatUon j moat .schulan* doubt¬ 
ed its authenticity. Now both Uiis and the brief dascripliotLi in 
Ezekiel and cltiewhere in the Bible arc w*oIl Iwrne out and iiicompiirubly 
amplified by the direct ovidnnee, 

UgArit h»tl its own paiithcon, geiiwaily similar to titat of tlie other 
Phoeuician-Syriim cities. There was a chief god 11 (Bibliodl El], 
father of the gotls, and bli twinsnri Athirut of the Sea (Biblical Asbera, 
thus shown to he a true deity, of, 1 Kings IS: 10, not merely a cuit 
pole), whc»sD rdution to thw sea may have some conneotion with the 
tJyprian Aphrodito's sea cliaracteristics; one calls to mind the Greek 
representationB of Aphrodite rising fretn Ibo weaves. There U the 
grain god Dagan, nml Ills son Baal, or Aliyon Baal. Aljyan was Uie 
Adonis of Ugarit, tha vegetation god who died with the scorching 
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Hiimmtir and two to Jifo with t|jo ruttiirdiig miOH; Im consort AnaE^ 
ami his {H^atual enemy h Mot, pxl of the d^th of vc^tation^ while 
Shafislip goJJcsfl of iho aim, often comes sjjpjiort hitiL TTicte oto 
majij other dnitiesp some of wiimn bavo not appeared in the niyiliR, 
but are mentiotied in Hats of sacnliriTa or of |pdsj such are Eashp^ 
Athtari, it pn^^iblo Milkain (BihUcal Mitkom?)| all known from tiio 
Bible (wlicns Af^birtcii i. Athlartg is the eontiort of Baa]). Tlieno 
ara genii who bctvc tlio gods, o, g.^ the divino oenstxiietor KathaT-HaMB 
(a doubla name ^'nblo-anti^nnderBtandinjr”), meotionod in SanchuTLi- 
al hoD Chiisor. And there is a general divine populationp the Banf! 
Tlim (cf.p the Biblical Bne Etohim). AH live on the heights of Sapun 
the Olympus of Lhie panthroni which is Mown I 
nnrtli of RnsShanim; d. heroTyWe "Holy Mount^^ in Er^^kiiJ 2Bi 14^ 
iLTid ^^Mount Zion in tlie Reeesses of tlio North (Saption)" in 
4S: 3. Ui*p rv voiding to fmcl here a reftrofnee Ur the myttiicat Leviathan 
(1/1 rail) in elmost the exact words usei! of him in the Bible, and a long 
legend about Danil, who must be the Canflanito myth hern referred 
U) in K:£ekid 14: M and used its model for the BibliaiiJ story of Dimiel, 
The mytiiologiciil poems tail of Llio struggle between Alijran and 
iViot, and tlio death and rcfiiirrectlnn of AHyiui HaJil^kia h tiie 
apread Adonic mytli. There is n myth of tbo building of AJjyau's 
iiivino temple {perhaps recited at tho complarinn of Ids Temple hi 
Ugnrit), and nnc of the vielDiy of Aiiyniii as Ijord of thn I^d, over tJic 
gOits of the Sea, Them i$ a iny^h of the marriage? of tho nii>cn gods, 
Yarili and NBckid, and one of the birth of tho “Gracious Goda/' 

Pitria of iheae myths can l>o rood with caso* but hci?ause of our lack 
of knoi^itedgo of their hackgrouml, and our fre^jucTii mahilily to faiimm 
their exact menning, much ia imcsrtmti even now, Tiiere bavo been 
attempts to read Ihe^iic poems tLSi hisiEorical tmdilioiis, uni I to provo 
from them that tlm Phooniciuns itame riorti^ to the PlitK 7 ifdan-Syri«n 
roast fitim tbo gouth of Pnlestino where tfiry had origituilly dwelk 
The evidencro proposcfl was the identificntion of aouth Paleeline mum^ 
in the pooiu^f but moist of iticso iEknllricstiens cannot be defended; 
many am arcidoutal siuiilantles aiul must, for itio of the poems, 
be interprotcil otbcnvlae. The niiuh'rinp'v of the pooms by stif.li men 
as Pnifessorn Albright^ MoiitgonvoTy, and Cinaberg leave no room for 
their interprntatloti as bisitorical t radilions, Evrn moro oTTonoous is 
til© ftttimipt to identify fho origin of the Hebrew pCHopIs ttiis a^^- 
Slimed south Palcstino nineniclan center. Them is no afclioologicat 
svidfliice for placing tJio Fliooniclans thora. and os to tho for^ibcum of 
the TIobrew people^ bavo good evidonco that tlii^y wem not of ilio 
Canaanite group hut wiieml Pales tine for the ttum part during tho 
middle of Uio aecund millennium. Thii divergent© of interjirctAliimft 
rrvcohi onoo more Iitiw LiLlIc im© can tniBt oao*s read Eng of a loxt, how 
©iisy it ifl to read inUi it nnintentionidly but rlTeclivcly imy irtooa to 
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wKicU or whii^h oiio iiucDnsciQii^Iy id fmd. 

Fnr iJiis Tc^n it is always hfist to rely upon tin? iiH^ontrovGrtible Un* 
giiistic oTidenoc of tho Jingufatio fomis as they ftppcar in the text-, md 
to draw* only audi niinirtnim content &e appeal most "simply*^ from * 
tlio niiiteriol itsdLf* 

Tho smaller tublrt^i mehidij dd)£?% of Lcmpicis and gods (m- 
cltiditig hon-Semitk). Ihu of tompk goofb, Jista of rtitw- 

tiona for propurin^ sa^erificcfl, and ritiml pr&yera. TJiO parallels with 
frebre^'‘ mdigionft pn^ictko uro majiy. The amnuilji wliitih may lie 
are tha same?; mtmy nmiLO^ of ^crificos ttre the smna^ But 
it h uitarestiJig tlmt one aaorifke calls for the cooking of a kill Id milk; 
tills is prohibited in Exodus ]?: ID^ 34: 26- One asks if the Biblic^ii 
proiiibitiou arose In opposition to t!iia rite, vrfth ihe geneml Jewtsb 
soparatioti of meat and milk foods developing tliercfitam, or wlietlict 
Uiat general cu^totu prwotled (from pre-Pdestinian tino^) ami ex- 
plelo^ iho iiiterdictbn of Lho CiinEianile rite. 

Of thu relation of t!ib CannamUi rdigiou to that of the Tfebrew 
p4H>pUi, two ilungs appear certain: Clearly the fort^futhem of the 
Hebrew ponpb* when Uiey settleti in Palcsiine, took over niLueh of 
Canaoiiite ciilturcj iiicluding iiiimy of the mli types of 

saerilioo^, mythologtcal heroes, oven aomo of tlie moml pix)veH>s, m 
ivii.DO^ (liu appoaranco in tTgarit of rlio phrase ^^lewding the plea of 
tho wuilow^p indging llio caiitw of iho orphtins" (Dunil 2v ^^) wlucU the 
Bible so frotpicntly piirallcls^ Bui it is even cienrt'r that the luilk of 
tho oullunii and religious hacligroimd of the TTohrew people w'n& a 
clJlTeront one. Tlie Thibyluninjn legeiuls of Bat Bihtc (creatjon, deluge^ 
Nimml, Tower of Buhel) are conspicuously nlisent from Ugarit* For 
various social and liistorical ronsons^ tlie Ilebrowa in PiiJe&tine> oven 
with like as&ifniliilion of Canaanites into theni^ retained mucJi of tlm 
euliure wluidi tlxey (md tuid in pre-Pafostmian attbough iho 

final fomi of ilcbrow ctilliirii wjia eertajnly rm mere continuation of tha 
oid, it nuverthclevis remained ftindiLinentidiy dilferent from the 
CiinuaniEC. 

THi-: ifGAEiTic ALnunirr 
nncinuxiiiMENT 

Within a few montlis iiftor the first great finds of tablets in l02tJ* 
Vindlcaud publisher I a set of CKOoUent copies of tlie tablots in tficir 
tiiiktiowu cuneiform sigtts. It ivue clear ihat lIjo signs conaritilted im 
idplnihetp ffir then^ wane only about W of them usid over and over 
iLgoiD. ilio wunla wero separateil by shnii simkes^ and tl was found 
that ni 04 ?t wore of Uiree or four tottemi Vimlloantl mid the excavators 
thought that the script miglit bn Cyprian^ beeanE»o of tJie nxtent of 
Cypriim material found at tliia stratum* Ottior !$eholans,, by 

the proimliln Semi tie population of Syria, and by the tlirco* and four- 
—as 
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ktter groupo* looked for a Sotnitlo ituigiiiig« with ftti odphubel m wIiMi 
only the coawticsit^ w«r« vniiten (b£ wmt tho ease in tifC Plinenkiiui 
fjpimhcit); in this cnse most tioivis would Imvo tlireo for the 

throe coDsononte of the root, or four, for the root plus eome afQx. In 
Moj 1030 Professor Bancr eommiimniteii his finjt sttpgeatiotie for 
deciphcnucnt; clunng the some time Professor Dhnrmo in ilerusoJem 
WAS nrriTin^ at eoinewhat sonilar results. Both agroed on some of the 
tettent, and each com$et«d from the other's suggestions. 

There were do hiUngtial teixls, and the process of dociphoiing m- 
Tolvod conaidoralde ingenuity. But as soon as Iho majority of aigns 
liad iKseti oorroetly worked out, familiar words sneh as alp * (''oa'O 
and pdf (‘'large*'} began to appear in the very first texts, and soon they 
were roMlablo. Some charactets romainad in doubt oren then. One 
wbicii had lieen read / tntnod out, trhem more t€ixts were published, 
to bo someUmes drnply tbo two signs p and ay id (a Semitic laryngal), 
and somcUniee a new sign with the value f. AnolJtor sign, long taken 
as a variant fur the l-sign, is aeon to he a different sibilant cliaraeter, 
apparently representing some Ilunian sound. One o; two an still 
uncortaiii. 

Tl!» BCRIFT 

The alphabet consists uf simple aunEUfonn characters having no 
ralatioo to the syllabic and ideographic (logograpliic) signs of Sumof' 
ian'Akkodian (Cuneiform writing, but simitar in that tho}' too aro made 
of eombmatioris of impresalons of a wo4lgo-shape<! stylus on clay 
tablets. The a-riting runs from left to right, like Baby Ionian cunoi* 
form, hut unlike the Phoemcian alphabet, wlilch originated in a carved 
script and riui from right to left. 

lliiire are samn signs, alt representing consonants; as iu the 
Phoenician alphabut there are no signs for vowels. Llowover, for the 
consonant aloph (the gtottal stop) thero are tlirec signs, one each for 
oleph with a, i, and « vowels respectively. Each tiign is of aet form, 
hilt in the smaller tahlots lliere appear certain nigns tjui value of wblcIi 
has not yet been dctermineii, wliich may bo merely variant funne of 
eomo of the atomlanl signs. There ia one diameter («*) wliidi occuw 
only iu the smaller tablets, and which may lio a second ^-Aigr] {entirely 
rUfferenL to form) by the fide of the usual * (which appeam both in 
the poems and in these same small texts). 

The spelling is fixed througboiit; no won) is written differently at 
one time tbau at another. This is hardly surprising, eh tee each letter 
repress n toil a differeat sound, so that properly theru could Ito but one 
epelling for each word, hut llic nliaeocn of all slijwi indicnift* Uist tlie 
script w'as well'estaldished at lids time. 

I TtW thrm UiutLU] iltfilii wlU h« beta lAd «w tv ihrnl ■ t'#J«l^l 
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In long iKHuns there (vre few errors in sign makiiH; (0. g. pnWinif 
in of esLrii wottgea)* But in some of the small tests there nrr tnuny 
such eiTore; b n few the letter n is regulorly or lisimlly mudo with 
four instead of thioe wedgo-impreseiooB, r with eoven insietul of five, 
and so on^ It may be that some of those teste are esereises oiid 
slitdentB' work; the sjlltthwiee found with them suggest that the alto 
was a scriboi wshooU Somo have suggested that the less regularly 
written tablets are earlier and go back to a time w'heu the alphubet 
was still not quite fixed; in that case the signs which occur only in the 
smtdl tablets may bo early variants, or ebaroctora winch died ont 
when the script was fisotl. Bnt there is little evidence to support 

Lilia view- , 

A few Uldcts have been found with the letters ^eised murorwiee; 
die writing rum from right to left, and the individual signs, ton, are 
turned around. WhoUier this hud some luapcal rignificaiico is not 
cloar AS yet; the contonte may be magical formulae. 

For our understanding of these testa, and of their bearing upon the 
history of the alphaboit it is important (o know their exact date. The 
groat store of tahlels waa found in debris in stratum I’B (o. 1500- 
1305 B, C.), but some of thorn aeoin to have been built into the recon- 
atnieiriob of the conUguoue temple, suggoating that they may in fact 
bo older than tliia rcconstrucrion. The colophon of some of the poems 
indicates that tlioy wero written down (copied from older teste?) 
during the reign of Niqrocd, King of Ugarit; at the top of s^tum II, 
L 0 ,, just before IBOO, an Akkadian letter was found writicu by e 
Kin g Niqmed of Ugarit. If l»otIi refer to the aumo person, U follows 
that iheso tablets are of tliat ttme, o, 1601) B. C. Other tablets have 
been found elsewhere in the ruins and may well be later, iu stratum 

I-B. , . 

It is quite possililo Umt this alphabet was created duxmg stratum 
II, at Ugarit. How far Uie use of it or Iho knowledge of it sprea*!, 
we cannot tell imlil other aites liiive been cscavatod. In Betlt 
Shemesb, in south Falestine, there was found a bdilot with u short 
ineoription in tiio Ugaritic alphabet, writtwn in roveme, The tablet 
ties not as yet been successfully interpreted—it may lie in a non* 
Semitic liUigUBgo—but it sufiicos to Kiggeat that tiio aJphalwt uf 
Ugarit won known over a wido area. 

UOAnme AND rttOKIdClAJf 

The origb of ilie Upariric alphabet is unknown. It b* all very well 
to say tliat tho scribes of Ugarit, using tho Akkmfian cum'lform, 
created alpliabotic signs for writing their own language, but how did 
tlioy come upon the idea of alpbaliattc charactcia? Mfo cannot 
eixplain it as a development from ihrir knowledgo of the syllabic 
cuneiform, for tho alphabet is no natural development from syllabic 
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writitig. (.>Tie<J writirj? Ima readied the phonetic etage, each dgn 
represodie n natiinJ Bylliihic division of a word. The signarr may bo 
reduced Fo tho amallcst eyliable diviaioiiSr but the eigiia will not bo 
made to repposent ®uch di™bne of words (i. c., eurh eounde or conibi- 
natloDs of sounds) as are not nofmidly proiiousicsed **hy tliemselvoa,** 
limt is, lie BCpajute syUabtea, There wiU, therefore, be no lettura 
ropresonting the nonByllablc consotiiinta. But It is precisely Uipite 
tlijit wo luive in both Fhoenieian and Ugaritic alphabets. In tlio 
fomier, wo know the rtason; Umj jiincturo of circumstances wliidi Uk! 
to the coiLstriiction of the PhoeiiidoJi iiipliabot on Uie aerttphonie 
prineiple (tho principle of having a sign ropresant tins first sound of its 
niLnio), ^ tlie ease of Ugioritic, what wits Ute reason? 

'fhe suggestion to dcTiTo the Ugaritic alphabet from tho Akkadian 
cuneiform may bo set aside. No impreBsivo ginulaiities Iiatc been 
oatnUlishod between Akkarlhtn and Ugaritic signs, but oven if there 
were aijiiilarities Uioy would not espliun the source of tlio idea of 
ftj phalsetie wri ti ng. Si milarly, tliim.' are no groun ds for i.be si iggestion 
tiiat tills alpbaljet was invimted by utm-Semites, a puge™ti«n growing 
out of the mdstence of vocalic nlc^ili sigiuH. The olphniuit oeenis 
definitely to fit the Semitic diaieet of Ugarit, and iVte itirwi aluph dgna 
may have lieen a stwciaj ndjustmertt for (lie UturniQ iM>[Julationj 
porbaps intmduceil for use in WTitiiij; liiirriim. 

We must investigtvto tho possible rdaUone with fhe Phoenicitiu 
Rlpbabet, The prindtive inscriptions found at Scrabit in Sinni show 
that tlie olpiailuit oxiiitcd as early as the tivcntlotii contury B. C, 
(or, perhafw, tlie last pro-Hyksos periorl). Tlie Phoenician idphiibet 
proper has been cnrncii bnek to alKiut llio thirteenth contuiy, but 
recent FalcelLno cacaTatinns have yielded some IP urchnic iiuscriptintis 
from Itotwean ]<XK) and iSflO B, C,. all slmwing early stag™ of rlie 
i'huetiicliin alphabet. Some have HUpfgCfltcd that tho Ugarilic alphs- 
hot is merely im attempt to transfer tlie iMionnidan to uso on clay 
Inhlots, but in that rase w'o sLniild expect far greater similaHty be¬ 
tween till' letti'Jft of the two alphalieta. The only clium aimilHrtl}* ia 
between Uie samek (e) of fJio Piua'nicifln luid tite s[K>cJid Ugsrliic t* 
mentioned fibove, wlitcth apimars in a few of liie .•unall tablete and is 
nnlirely dilTorent from tlie ordinary a; thU may, porJui{Js, be n variant 
mode as a copy of the riioojdcian letter, only to die out without gain¬ 
ing acceptance. It may bo tnie thaL the forms of some Ugaritic 
letters are based on the rboeniclan. Some schdlnm liav'e siigg^ted 
anotlier |K)itit of ronncction lietweeii Ltia two ulphiihcls. In one of 
j1«o texts, a ttiirriati one nl that, Uus loiter ayiri appears witlj a rtriinll 
drde about it. These echolars consiilpr tlie rircle to be Uie rhoenioiim 
irpinj used hero as u diacritical mark to distinguish the Ugniitic apfn. 
from the very similar t. i [owever, for various roitsons this viow should 
lie rejected} the endrcled sign in question jirobuhly roprcsonln a num- 
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l»r or ftonio otlicr epccia) mark, ami tli» type of pIcmo ruUnmii batwecn 
tl»e two tilpLiibota romoiiio highly doubtf^ 

Novcrtliolisss, llic conBonuntiil Ugiiritic alpbabol munt Iihto l«en 
tm^alcfl DU thp conswiimtRl Vlioetiician alpliaWi. Only bo cmi we 
explain why tlm l^gariUc alphabet Las no signs for vowcb even tUougli 
it wofl rroalod by people wlio knew Akkadian c^ciform, and vownle 
arc thi> only simplo sounib for wliicb rgueifortn did have oepiirate eigns. 

[L may have heen made wiUi n stgu-foMign eorreapondetico to liio 
riioeiiician, in which case U probaWy had to continun ihc lifit and odd 
some fligria for eoimda which Phocnidnii did not havtj. But inoro 
probably it vna oimlelod on the guneml nrrophoniii method of the 
rlioeuician alphabet; juat as tJio Fhoonicum had dgns toe value of 
which was the firet Bound of Uicir nanifis, so hero cdutiform signs wero 
marie, witl* fixed lUmica, and with acrophoiuc alpbahclic vmiies. 
We cannot Iw at all sure of tots, for we do not Imve the names of too 
Ugoritio letters, but it » doubtful if tho fiounda were ibintglit of 
analytically by titenisclvea; more probably (iiey wore conceived aa tho 
different initiid sounds of vaiions words which '‘lu'gan dUrofcntly, 
Either way, too Ugaritic alphabet was probaldy not a alaviali liorrow- 
ing of tor I’hocnician, but a new creation bused on a leaniijig «f Iho 
general idea or lUo underlying mctbo<! of the Phooiiidan altiluil^t, 
We liAvo here a rino example of the learning and iiulcpcndoiit appliMUnn 
of rultural patterns, a type of tmimfer wliicU often lakes place in tlio 
spread of nuUuml forma. This iinitotUig of tim cultural pai.teni baa 
occurred several tiincs in the bispny of Iho ul^jdialict"—it figure ui I m 
very origin of the Phoenician alphabet—and b hut aiiotocr witJiess to 
tho great adaptability «f peoples* hi nsaimilating the estUural fonns of 
their neighbor. 

TRK I,ANClfAGK OF IJOAltlT 

WOltKIKO OUT TUB OUAWilATl 

I’lie language of Ugaril b of groat ini.erwL for SemiUfl lingublica. It 
has brought importaiil. new facta to light, and luia given lK»dy to Bomo 
hyimthcsea. But it b not in Itself a totally now Semitic lango^o; 
it is II dialect elosoly mlatod to oilier known Semitic ilmleets, Wlicn 
ouco tbo valuos of tho alplmbotie diameters were declpliemil, it was 
po^iblo to uudcmiand largo portions of tho texts. Mos't of tlio words 
were n.'COgnir.ahle; tlicy were aimilar to nobrow wonb, or to i\'ordii 
known from Pbocniciaii inscriptions, and were aasumed to buva the 
some meanings ns their cognntea (words in related languugcs wUmi 
have dovdoped fitirii tbo same common word in tho parent Bjicech), 
Some wonla ixinkl not l*o made out at liwl, but wore shown to have 
coguates in Akkadian or Arabic, or otlier m»ro distant Seoulic Ian* 
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As thfl texts were nescli^ tho gtammaT bepirt to rovoat tiasif. Con* 
eonwitiiJ prefixes end aBbtes iodicatod eomething of tiie foniw of verl» 
Mid notius, since Uie ftmotlons of most of Uiose affixes H'OK ktiomt 
from odier SemiUc (linlocts, Of pArtiouIsr value wera t]io throe oleph 
signs, which rovealud the vowel foilowing the alepb (or the vowel 
proMding it, if there woe aotie foUowiug); this servcil os tho chief 
indiriition of tJw vocslluitioni Professor Friedrich soon showed that 
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the word for ''chair" wiis spoiled k»ti wlien tt was in the nominative, 
frsa when m tho accusative, k«i m the geditive. We must, therefore, 
nasiimc that it represented IkUBBa’q, koflaa'a, kussa’il^ in tho three 
positions, and that the old Semitic duo-endings wore still in use; 
hoijco, the word for oacriGco, id ways sji oiled dhh^ must have boon 
pronotuidtd [dihhu, ilibha, dibhi] in the tliroe ceses. ^mitarly* from 
verbs ending in atoph, Friodrich domonatroUMl the existence of various 
modes—an indicativo ending in ful, o. g. in irfii. "she rnifiCir' for [tifiia'iij, 
where tho jussive is iki for fti^’], and so iiti. The olejihs also reveal 
tlifl vocalia ution of the varh-ajstem: thus tho form written rtmiif, 

* roTBitih^ MUbt^mn pnlMUf kcdiMlrifmoaiiiwI ui teiaaJf u «*»«« tttdiBltt 

w1|^ ^jfenlk iptllJial^ vi luiqum 
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rapnwultuig ramn'icluj "I increased (7)*^ allows, oa do otbar fonus too, 
Umt Lli 0 vowol of tlio prefix in thp dorivod [oxcijpl. tUo f-^Usmflr 

tJib b Piel) waa lo], liod tlwit tlio ot^on vow&l of the Piol was m that 
''el 10 hoiiorecl^' woo probably prcnonncfid ttiikahbidiil. Tlie 
aleplis bii7o furt.ber aervotl to indient^ mtexpocted eouud 
wliidi imve occiocmd in the liuiguage of iTgariti as whon tJic word for 
“head'*^ which wo w'ould espoct to bft |ra*6ub TSTilton rs#, is fomid 
as rii. 

At tiitif^fl ibo cohj^nnitto, too, ofiow unoxpocti^d things about tlio 
knguago; it is wlion wo conio upon euob an unoxpoetJNd fonn and oro 
ttbio. in conformity with our other laaowIoilgOj to exp lain why it aluiuld 
bo Eo^ Uiat w'o fool wa are nut ctiartdy reading Into the loxta wl^t wro 
happen already to Iniow iiboiit Semitie^ but ura correctlj intorprotiitg 
Uio now oridoiice, Tlius a problorn ifl po^ed when we find rJio w'ord 
"eightoeTi" writtem aUhotigli the final h in tlio cognote word 

in Hebrew h always rogarfled as a x^owel letter* iiiid wo know thore 



l^taLU fuuad m Hm eiHuTim. ^Uli l»Rcr1»llan in Ur^mlUf! litKUJtin; 

ftdilit 4*10 ^EMQ of tha rkt^ ot OuflfiJLmiL DffimTvn^l 

are tio vowol letters in Ugaritic. But luxtiior eonaidoratlon flijjw^ tliat 
0 VO 11 in Robrow tb^re nre in4lic4itioiis tliat Hm U no ordinary vowfll 
letUiT but ttut reflex of eoiiio old oanwruuital sound; ibeU^raridfl funn 
HUi neatly into tbia uiiilrntmiding. Siroibirly scliotara wcfo iiimblo to 
iitidcistanti ecime ol tbe nccurrenc«aof tho letter iti sneh pKnises os 
rj/m d tSm% whore rgm means 'Veiid" and hnwr”; bat 

tliaso dlflicullioe dm]>poarod when it was roalisod tliat tbo Somitic 
Bciuiid dt which hotratno ' tn nohrow, hud faocomo <t in OgariLic (coalesc¬ 
ing Miitb Semi tic tl pn»par)t so that som e of lUo d-leUors weto to rood as 
refliucoa of Somitin 4> it ia the relative ^'whicJi" (Jfo1»rew 

Arabic ifw); "any word wbioh you may hoar." 

In tblH innttttor the granimur—the fftmctiire ant! aystom of ihu 
IfUiguago—nan ho irorkod out* Many worda are intetpwtod by aid of 
coDtoat> us in the ainipb east) of the word for "sun" ipi (Ttiatond of the 
iiattfil Semitie whioh woe undoratoed tiireugb ita occurreooo in 
the pbraae Spf Wfir^ "* ■ “ and nioon." But tho chief idd tho 

undoratanding of itie ioxta and the Umguago, c«peciiUly in iUu |>o(miB, 
b the wfilbknown {Kiotic construe tion of iiaralUdbin. It is Mhuoat 
alwaya possible to work out the pootie form oven of olM<cure pateoges, 
Uftd if one half of a paratlet eouptet b undemtoodp wo Ntiow what to 
expect in tho second half. 
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TUB SOUNDS {rlfONOliOOV} 

Hid olphnbct of UgAriL stiows llunl llio Iiinguage hail mfMJt of thtt 
consoiiunta ivhicli ivo osaumo the [MiODitt. Simnlir speech to have hail^ 
The sound f (ait) lutd coalcaced willi 4 (ahiti), <i with f, pt rhaps ff 
(AroWeghaiji) tvilh ' (ajrin);iji hktorrrtil rhoontcittiiond later Cuiioati- 
ito duilecta wo find not only these hut elso other eiialogoiifi couJos- 
emces wliich ha vo rio t yet taken place hero, The sound ^ has coahstwi 
'R'ltli d (this U the simplest iaterprotaibn of Ihcir being writtoji 
sitnilarly), though in Phooiiician and tiohrew it move*] to s. tn 
Arauiuic, too^ ^ bocaino d, hut this was over a tnillciiniuni later. 

^^0 have [itilo evidonco for the exact pronunciation of those sounds. 
But wo may aafeumo tJial Semitic f (as in KugliaJi miug"), aJtiiouph 
it remained diatinct from every other sound in Ugarit, bad tome (o 
l>o projioimeod somewhat hko s,* the r'*sign Is used in /or£?iiifi timics 
which pKtbahly confined s, nsin alty tor Ainitiyn, the name of Cyprua. 

Atmul tho vowels, wo muy moko some (leductions. Diphthongs 
were s^implified, as in moat Cmniiuiito dlnkrts: Uie w«ril for *‘h(ni» *' 
Seinitio ia horo wriLtoo U, mid so must have hrejj prononuced 

Ibelul. Filial short voweb wore still prcsmrvwl. aa they were at that 
lime ill Canuaiiite: houce wo still Imvc the rnso-cmlmgs ns seen ubovo, 
cud the vowok of the iiidicativo oiiit suhjiitiettvc verb. The Syrinn - 
PuZesttiimn clmcgcof d to S did not toko plueo here (asyet?), but there 
w lui interesting change of a before nlcph (when followed liy con¬ 
sonant) t* «; this chiingc seems iilso to Imvo tnken pinre in w-rtutit 
Hebrew dinJficts, end later on in Aremaic. Thno h also Ji greulor 
iiso of the prothetic vowel, in a few wonb which do not Jinve ir in 
other Semitic languugea. 


the woui^vortus (iiont ttoLimv} 

(.Igarilic reveals n relatively early lingubtic «topo, vestigea of 
which are barely discmiiljli: in such languages ns Bihlif?ut Ljehrew 
which jiro iiiihipru m comparison, tn the vcrli, the perfect jihpect, 
( hvn«> > hiiii 11 ntimitiol, ilcscriptivo chariictor, and b used cliidlv 
for stttiivo veriwr in Ilehrew it cim ho used for any verlj, Wr have 
It here m prwess of epreadhtpi it h mi yot geiwrelimJ. Tfie iisiinl 
verbid fonxi ts tliD form with prefi.mi {>irr<«uruil ebmemt. Hem wi> 
Imvo two hnae lenws, « niirrntive pretorito, and a present. 'I'he 
uarratii-o P^tunto b the most common, ui-cil to roluie imsi ovenU, 
and iifcpbftbly \mi the form ([yjfigA'til *»|ici nusttt/^ mrd 

on; hy iLi side tlwn; sretua to iiavo bLun n sliort iimlorihs uaafaf 
with •.'on^uiivo ami empimtio force used with pitaditlij cJemenla 
l^e (wa-l md>\ llfl-l «mdecd." TIda preterite ia preserved in 
Ileb^ ns the 'iinperfoct witii wtiw cotuiecuUvo": ss DcrmjtnbsRT 
pointed out tong iwfore Uio Rtm SJiaiiim fimlH, ihis waw-coneociiiivc 
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form in ffcibrt'w ie ntiL a peculiar fit'll liietio consj-TiiciiDn which gives 
tui uiiperfccf (ho forte of u. past tonwi hut is an ticttial vcutige of on 
ijJd prated to; Uifl luttgungo of Ugarit supplies the miffing link of 
llu.': uiucli ii{iicii«^ gromnuiljcol peculiarity. 

riie present uUo liu 4 tho ptciiaeil i>er 9 onnJ clcrueu'le , but it? voxels 
were difTerent fmui those of the preierilc. In nddition to liio iiidice- 
tivOf tuiding iti [-u] ([-nl after lung vowels), there w'tis ii jussive with¬ 
out llieaj ftiitiuigBj and apparently a eubjujictive ending in [-al, 
'riierc was idso an oneiTjetic fonued by Uu> sufTix l-animl or llie like. 

The stoniB of tht- verb aio gonorallj Kiiuilar to tli&ie of N'tirLliwest 
8cniiiic* Tliero is tho eoiuuioit si tuple stein, kiiowu in iTebrow os 
Qal, (md fljj intottsivo (Hobiirw I'id) with chiinieteristic doubling of 
the luidiJle coiisonmit of the root. In the CJ.iusatt^'e grouji tbono seem, 
etrangely enough, to have liocu two forms, n veatiginJ Afel (sit^uhir 
III Ariuiitar and to Ilebraw^ Hifii). amt a Bhafel such i^ la kuowu in 
Akkadian Itut not in Wisit Semitie. All these seeiu to liavo had their 
owTi inner fuiseivc fonns. In adflition ihcre was Llie hfiJdle (^'Iiuier 
Active*^} Kifai, Vfilli the aarue force us in early flobrew', imti a ri‘llc.\- 
ivo-njciprocal stem with infixed such ns doe? uot exLst in liifilica! 
Ilebruw (where thcio is a prelixed t uteiu, tlm Ifithpaei) hut appears 
m .MoabiPi mid in i-nrly f’uieat-iiiiati plrice-nainea (o, g., Eliei^d). 
Tlu're wcri' tdso sunie rarer stems, chieJJj those used with the weak 
roots (swell as iiebrew l*otnl). Uguritfe thus does notahoiv sJlijiitiiJa 
with any one luTiguiigc, but bus cunsirucUous which were preserved 
or ileveloped hero and iLorn by vuriouB related ciialcels. 

Tho wrak verbal roots, lUnie with orui or mon* "weak" radical 
eonBonauts, coufonn closely with wlmt wc would expect at that 
stago of N^orlhwest Soiuitic. TJie verbs which in Biblical llcbtx'w 
enti in the vowcMettor -A (e. g., ^'ho ascended"), still possess 

in Uguritic (heir y aud te oonsouanta C*fy for "be ascended"), 

for sinco (imd short vowels had not yci tiocji ioet the y and u? have 
not enterud into diphthongs. 

In the nouns wa have, os wo might expect, generally the sanio nuun- 
rJjvsses as in the other Sotiiitic langiiiiges. The liaetMuidiugs ore pra- 
stvrvod; and the rare Hebrew lorntlve ending-fi(A.) ia rtnw explnineii 
from Ugaritio, for find it hern written witli Gunsonantal A {iiumh 
"iaiavetiward"). The dual, rBetricted ia later diaJocte to objects 
wliicb occur in niiturnl pairs, is still used (icra in its grammatical force. 

The pmninidB present djntcotal und historicnl points of iuterciit. 
The third pituoti pronouns arc Ay/, Amt flmwutu, hiyali, buntHtu?]; 
and we realteo tluit PUoeuichm Amf, Tfeiirew fi£ms, art* vtwUgeti of a 
similar pattern, ^’b^’ iui« of tlie relative d "wliich'* much as iu 
jVraluo shouiK bow goiieml thb waa iu Semitic, oml sheds light upon 
its umf 111 the early Bylilos (ltiiJi?ci of Phocnituon, and in early Itobrew 
aiEcs—3s—sa 
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<iB tlie form se). TLero is no arlicio, just os Uiuto sooms to Iw 
nouo til ourly Fbootitdon Kind tmriy Hotircw. 

BVNTAX AKO LtrEBAJir SOBU 

Tbo sjriilna is stmiljir to tb»t of early Northwest Semiito, in stnto 
of tho conttines which mtorrono between Ogimtic and the earliest 
Phoenician and Hebrew material whidi w'c have for compsHsoiu 
Word order b much the sanie» and is set in delimte fon»s> In the 
ordinary sentence the verb precedes the subject, even after most 
adverbs; {gain yashhu 'ilu} "Moreover H ctital.'' But after certmn 
adverbs the order is invert^ to eubjeebverb: {'alan.(?) SapAu tasdhu] 
‘'Thereupon Shapdi cried cut.*' There is also a upcdol form subject^ 
ohjeutoverh when the subject is in casus tiendens (in apposition to 
the whole objoct^verb sentence); luttn jmnttnfm niilm itk ithtm "The 
heavens — oil they riitned; (ho gtreams—they flowed with honey." In 
successive sCDtence-phrasee there are forms of verb consocuden in 
which the first verb may bo in one mode and iJie following ones in 
another; wo are reminded of verb consecution patterns in Dehrew 
and South Arabic, There is also an enclitic [-maj (similiir to tlie 
Akkadian?) wldeh seems to have a conjuneiive value between phrases. 

The literary form of the poems la typical Semitic. It nitu largtdy 
in parallel couplets—sets of two short lines, each saying much tlie 
same thing^with frequent oitruslon of on bidept'ndeot line, especially 
introductOQ'' lines such as 'Tbus said x." The tines ore meosurod 
not by the number of syllables in them (os, eiiy, in classical verse), 
hut by tlm numbur of stresses (niajDr-strc&» syllables, os in Hebrew 
and in Eiiglisii poetij); tins type of poetic measure is nsturally 
appealing (o English eats. Each short Uno {slichos) eon tains usually 
three stresses, uometimra two or four. 

An outstanding feature here is tho comparatively high development 
of strophes—stanza arraijg<i}neiite—over and above the procession of 
the parallel couplets. There lias long been dtscuasion as to liow 
much stanza-aitiangeDmii l iliere is in Iho Bible, particularly in tlm 
Psalms, and in Uie FrupLots, «9|>eciall3' Isaiah 11. Early Semitic 
epic poetty (o. g., Arabic) gIiow'b hardly any strophes, and many 
scliolura denied their exialcncit in the Dihiv, while others ineistod tiiat 
one could not but find them in Hebrew poetry and recitative. The 
sttophio arrangemonte wliich occur licrv and there in the Ugorltic 
poems shirw tJuit we should not bo surprised at similar conetnictions 
in liebrtw. In generat, lire poetic Uitich hjcre ia at tiincs tiinulor to (he 
Uebi'ow, and often we see Uu’ same Irteraty and even pbrasoolngical 
background as Uie tIcUrew* poets drew upon, witoeea the mmUarity 
to the Bible (especially Anme i ; 3 If,) of this aciitence* [tiii{T)ni 
dabalituia Anni'a halu, lalitta rttkihu 'nrapAti] "Indeed two saeriflecs 
Btiiil hates, three (hates) the Bider ol tito Clottda." One is impresaed 
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bv tlio titcruiy Authontioity of the Bible, Witli alt tLo poliEicai, 
eiKUnl, aud otiltund separaliioii of tbc Hebrews from Uie CRiiAAoiti! 
world, Uiey tomtied Uio liuigiiago of tbo OacAAmtn, ned witb it the 
cmituiT of I to Uteraij trHdition. The liter ftt^iro of the Bible rested 
solully ou the rich httckgrotmcf of CauAaoibe literature, and Lho form 
lA which it hue come down to lu b oftoa much oloser to the orlginai 
thfiA we had aospected. 

The other oiitetaiulin)r charactemtiB of tho Ugaritic poems Is the 
wealth of nepotitioa and key phrases. There are certaiti luted pairs 
of synunyme which racur frequeiLtlr in special parts of the fioema, 
or ihrougiiout them: e'mm wpamm “pleasaAt and gracioufl*'; i^t 
ftWfnt • • • nblat frAiJm “fire in the bovtses « • • flames 

in tins palacca”j rpm • • * iny * * * njj^ • • • 

he repeated * * Some phraaca recur yo «8 to seem like a 

tefrmn, giving a atrophic diaraeter to that section of the poem; 
in other chsob there are stock descriptions (e. g,, in supplication scenes, 
in ohAllenges) which are used wlionevor tho scene occurs. The wbolo 
gives a Homeric touch to the mythological poems. It is not common 
in the Bible, perhaps because of the lack of epsc poetry in it; and in 
ihe epic prose of the Bible wo see a dtiJervnt and perhaps more aophis> 
tieated beauty In the siinphcity and fuEictional brevity of the telling. 
Buti UiJs rich repetition of Ugnritic mnst be an old feature of primitive 
poetry, and is l^wn oUewhere in Semitic. 

coAurnc ts tbi Semitic tamilt 

The Semitic family of Innguages is one of liie best known uml most 
carefully studied of Ungutslic groups. The criteria of its various 
divisions are well dclmed, and it is ^icrerorc mdicadve of how much 
we have still to learn ttuit sevoral vatying opinions have been put 
forth as to the place of the aow4ound language of Ugurit within tho 
family. Semitic languages are grouped together into tlireo large dl- 
vi<totis: east, north west, aonth- Tim eastern group, Akkadian, k 
marked olT from the other two b}' many historical devdopmonts of 
its own, but it hoe oertoin speciho aJBnities with Cantuoiite and SouUi 
Anihie, jirobably going hock to proto-Semiiic dme® when these were 
perimps in epeciat contact. The aoiiliifim group inctudcA Nortli 
Arabic end South .<knibic (witli Ethiopic); those agree with the whole 
northwestern group in several special respects, particularly in tlie 
development of the verbal system. 

The Northwest Semitic iipoup mdudes the languages spoken in 
historical times in Palcadnc-Syria and, probably, tlie regions north 
and I'oat of Syria. The eorHeat clunr malcriol of this utock u'liicU wo 
have comcR ftom the north from the turn of the socoritl luillennium; 
it is colled Anorite, but the exact chameter of the dialect ia ttnbnowo. 
In I'aleatine end Syria, throughout ttm eecond and drat miUeunium, 
there were e]ioken dialcctB which we call Canaariitc, "SVe know some* 
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liiing of tlic i»pe-M<*brow (SouUi Ciuisanite) of uoiiili Pntesdtio; it wrii» 
ftifForoni frtiiii the l^hoeniciait of Uic soinu tiino. tjatcr, tbo Hebrew' 
peoples st»ren(f over Palestine and ndopCod SoiitJi Canaonite; tlwsy 
Uud at b^aAt (wo j^neml dinli'et^. a aoutliem Hobrow (tho oflicia] 
dialect of Jc'ro&alom) and a norttiom Hebrew. Across flio Jordan wc 
know of one dialect, ^f<)llb1to, closely relatod to llebrow. Mean- 
W'bilc I'lioonicUin, on Uio cooHi north of Pa1n.^tiue, was aliw Cunaanito, 
bill diffrrc.nl in sevemi respoots; it, too, liad several lUalccts. Of (bo 
InnjniagvfT i>f Itir far northern coast of Syria wc Imd no information 
till til a Rail Shorn re c.^eavaiious. 

During: the l>eginning of the iirai millcnninni B. C. there appear 
from the north and cast a new ftroup of dtalccla, also Northwest 
ScinitiCj hilt dilTcrrnt from the C^nnaanitc. Tlieaa are iho AranmiCi 
wLicJi slowly replaced tho Cajianiiito dialects. 

In this maiss of lanipiogcs, what are die ailinitics of HguniicT The 
ufilnitiea of Ugnritic with Plimmieiiin iind Hebrew are many. In 
C^mritle and Pliociiiriun, Semitic i eualvscoil with this took plaoe 
in Arnmaic, too, Imt not in South C'anannite. in Ugaritic and 
Piiocnieian and northem Ilehrrw the diphthongs at/ and an? tvere 
sinipliScd to B, d. In Ugarilie and till Canaanite dialrcts n had heem 
regularly assimilated to following consonants, ami in Ugnriiic and 
Biblical (aoiilhcrn) Hebrew a doss not assimUata vrhon it is the tliird 
redicul of a verb. Ugaritic and Phocnlciau liotli replaced tho verbal 
root "lo [pvc" with [lie urconilurity fornunl variant f/fn. The 
vocahulaty is much (he mimo in all, aa a enmparison hetu'esn Hgarilic 
and Hebrew will readily fdinw. Many poreonal niunos are Uie saiiic; 
liie tare name which oceure in Kas Sbamra, appears again in 

n lalo Plmoniclaii inscription, lililiolc phrases are the saniei compore 
Hgaritii^ Itjftpk t«a rnlkk fylbr hi "Indeed he will ovcrlum tlic 
tbrone of your retgn* he will break the scepter of your rule'' witli the 
ahuuSt identical pbresa from Uic Pliocniciun Aliirnm imieriptiun, some 
centuries later, thtnp A(r (Ktpk kg' 

With iJiO F fell row Biblo tliero are seores of similarities in specird 
UflOH of words, in phmwe, in turns of c?q)rrsaion. It may sufllcc U) 
note hut one or two: the nso of An i/tlm (litendly "hctw'ean Iho hands'') 
in tiie sense of ''buck'', ptirellel to kip ''shoulder," Ihu-s oxpluitiing 
the misnndommxl Uu ySdika "on your bock" of T^charinli 13: ft; 
ibe parallel 'tftem "ctertiily" with dSr v4^6r (?», H5: 13, etc.) fris 
qucnl in Ugiirit; the ITgaritic fAwi AiMof IKm stytn. bkrpnm yn "enf. 
bnutd from Uic tHiilcs; flriok wine from tiio gohlote" with Biblical 
phrn^ tisinf; die Honu* words: e, g., Proirerbs 9; 5. 

In iloteriiiiidng tho place of Ugtiridc among Semitic languages, ii fcw‘ 
general criteria will aorvo to narrow the lield. Not only dipf*s the 
general body of facta about Ugariiic place it in tlic Northwest Semit ic 
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groap, but it also exhibits n special diutigs which is pL'Culior to that 
group, the change of initial to y-.* Wiihin this group, Ugoritic 
has eortoin features peciulinr to Cnnaonite; ilie masculiDe plural iu ’fft 
which it shores with Phocniemu and Flcbiow oven ngidust Moabite, 
and oguiiist Animuic, and nguinst most other Sctnitic languogt^; also 
tiiatiy vocabulary features, such os 6e«: ''son" iiiptinot Areuiuie f«»r* 
There are also interesting ufliiuties between ITguritio and AJckncliau, 
and bolwecii ITgorilic lUid ATamaic, especially in the vcihal sj^lenu 
The only way to decide the lustoric w'eight of all these afFuiilics b to 
determine which ofo genetic, i o-, duo to n primitive [Muioii of comtnoii 
development as one language, and which are cither old proto^unitic 
features which had spread to both luiiguiigcs ut that rimo, or lato 
changes which had spread from ouo longuago to tl)o otlicr in 
hUtoriuni tlmie. The preterite, which Akkadian and Ugarilic have in 
contrudistinction to the others, b a proto-Stumlic form, eince we ijavo 
traces of it in llehrow and Arabic. Tito re* trie tod use of the perfect is 
tnertdy mi early stage of its development tiironghoiit West Stiniilk, 
The stem-system of tho verb is of giinarally Northwest Sctnitic typo, 
nitlier than Akkadian. The change of d to d hots no direct connection 
with tlifl same ciiango in ^Vreinnic, for the latter did not begin till mucli 
later. The change of <t to c before alcph is also found in Arnmuic, 
and, under different condltious, in Akkadian; but it also took place 
iu aome norilieni Ilchrpw diulects, so that it way have haoti one of 
(iiose laic liugiiislic cltmigea wdiicli spread acruos dialect and Isuguage 
hound arias. On the other hand, tho vocabulary and the bulk of 
linguistic facte noted above point to a genetic relation with the 
Caiiaauite group of Northwest Somttlc. It may be tiiat the AJiiorito 
language w’a.s very aiimiar to Ugnritic, but wo know very little of it. 
lit l.he present state of our knowledge, Ugarttic may best bo coiisiderod 
to bo North CanaauJte, 

Thus for the hntls of Roe Sluuuru ctm take us. A considerable 
literature has already grown around the culturo and lui^uago of thb 
single mound. Hut most of ilio mound ia still untouched, and all 
present conchtsiom tuna I lx* held os tentative. The coming years 
should bring to light imich additional in forma tiou on the society of 
IJgorit luid on Its lartguege. 
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It lui^ beeu bnnwu for a long timo that there might o\iat dilToroticea 
m the blood ot ajiimab of different epociesr Morpholo^icB] differenced 
ennneoted with the ^ape Hnd eize of tho red corpusdee^ or chemic-al 
difforoncea relating to TOiiatioDS in the raaplralory pigment, called 
haemoglobin. It was also known that individual differences, ooriiiired 
during life, mi^t appear in the blood: Aa a result of illneas, for in¬ 
stance, certain propertiee of the blood might be pennfineutly modified 
by tlie formation and accumulation of antibodke. At tlio beginiung 
of this century it was discovered that beside these variations of a 
ztiolugical or sccidontat nature, btuuan blood possesses hereditary 
Qonatitutional differences of an individual and racial Importunoe. 
The study of these, and especially of their anthropological applica¬ 
tion, has advanced considerably; at the present moment it almost 
forms an indepondent branch of seknee, Tho investigations bearing 
on it am to ho counted by tlmusands, and eoveral sebntifio |ieriodicala 
are tiaw exciuaivalj devoted to it. 

What are Uiooo btooil-difforeaces and how were they dkcoveredT 
Their history is ctoaoiy associated with blood-tmnsfuaion. 

Blood is known to consist of a large number of small oorpusolco 
in suspension in a liquid, the plssma. The corpuscles aro of two aorta, 
whits teallod leucocytes^ and rod (called etythrofyte^t) which are 
much tnoiB numeroua. Two constJtuonta may also be dlatiuguiahed 
in tlie plasma: A liquid (aenun) eonaistlng L’seeniially of u r-perrent 
aolution of salt water, and albuminoid substances in solution, most 
of which are precipitated if the blood Bows out from tlie oiguuism, 
producing the well-known phenomanan of coagulation. Under nor¬ 
mal cooditioas the rod corpuscles float freely in tba plaama, without 
adlioring to each other; but under certain conditions adlierence occurs 
and Uio oiythrocytcs collect together in bunches, producing tho 
phenomenon of agglutination. Thk nisuH can happen botli m infra, 

^ Trmiuinttij by 0 O. 9- CMw^inl mhfi vUhi i^mok Pud nunuJI Q%m for 
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tliut is to sftVi iti hlood tliiit i<K kopt in gItHs vcb^pIk, aucI in pjjflp, in a 
Jiving iijganbaii; hui liinir ditiulntion is goritnisly impodtsd and 
grav& amdonld tnaj be pm(iuced. 

The idea of biood-truDsfuBinn^ of injectiiig foreign bKwfl into n 
subject weakoDcd isy cxctuBsivo bleeding, is not a new one: we know 
of undoubted iiistaiices occurring «s early as the Gltdcnth ccntiir^'; 
Ttifit of I’upo Innocent \T1I, far example. Tlnj results of th««e early 
trnnsfueious, made mostly witli the IiIwkI of heifois or lombs, wore 
Bfi djaaslrotiB tbat m the seventeenth ccjiiiiry tlic operstion wtts 
miHic illegal by iiii act of parliament passed in l^aris. TJie canne 
of these fniturts was portly discovered in 1874, when lAndois showed 
that the serum of on animal of one species agglutinates Uie rcil cor- 
puseJes of animals of other specimr; that is to say, that if one mixes 
tbo blood of two aniinidR of dilferent Bpcotes, there ensttes a gcticinJ 
clumping of their corpuscles: That hsa been called helcro-ngglutina- 
tiMii. At that date it was LtioiighL that agglutination tady took placo 
fictweon Uis hlouds of different ai>ccii^. Accordingly tnuisfnsioiis 
wen* ^en mode again but only with human bJofal; the results w-ern 
g(Htd in certain cosea hut still dissstmus in others. Tluii. was the 
stalo of affairs when, aliout lOfK), several doctors obsen'cd fortuitously 
that tlio serum of ceFtaio sick fwoplo agglutinated the reil corpuscles 
of healtliy patients. Tliis pbenomenun, wdiicji was calUii tso-agght- 
tinatlon, was at. tirst regordoil as iudiciiting a pathoIogicuJ condition; 
but resonrehea wtirc contiinictl anri LaudaUdner proved lliat, when 
the blood of two fierfcetly haul thy people was mixed, aggliitinatidii 
was prcHluccd or not acrording to the patients who were tlje subject 
of the experiment. Ho concluded from his expaHnients, ofi the oitu 
hand that iso'^ogghitination coji exist in o normid human being, on 
tbo otJiBr hand ikat the iso-agglutiuating properth's arc not tits samo 
in nil human beings, and that these should, from tliia point of viow, 
be divided into sovcml categories or groups. Tfmfc is iJio doublo dis^ 
covpry of fundaniciit.al importatice fur which Landsteinar was awarded 
Uio Nobel prize -a discovery whose origin is to be found in ihc great 
volume of resesreh tievoted for a quarter of a eonluiy to ihe aerologtcal 
proportica of Ltic blood. 

How should tbo facte brought lo liglit by Londsleiner l>e intcr- 
pretiHl? 'Hio simplcei explanalioii, and tlto one most usually given at 
tho prooont Jiiument, is that ko-K|^utiiiatioii results from the recip¬ 
rocal action of two kimla of sulMtaiu;i>j; w1k»i} rhemical natnro, how¬ 
ever, rctnmtia completely nnknowiti the one raltod agglutinogen is 
ront^nl in tho reii corpuBcU's, the other, or agglutinin, kin tbosertmu 
Analysis Jme sliowm that tJiero imi at lonst tw'o djlforcnt agghiiinogima, 
con vent ion ally rolled A and £f* and capable of being present in tlio 

— ilffrtrfiUmi. ir«iwifi nm I«lnif a»tO«oouunl«alifr ftorluUMmu U, tata*- 
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red corpusolufl oitJiOf singly [A or or togntlior or urn at all 

((If); cortsin iniUviditiils iJtorofora lisvo only .d, and otitcrfi havo /(, 
ami otliuni both A^iiUnogons; wliile yot othors are totally doroid of 
tdllmr. It » IliB aUkdi b described somoiv-lmt iiioocuratoly fhiit 
wliirli has foiutd its way i&to scimtifin parlsnco) iis tho oxistciTioo itr 
tho lit I man epocios of four btuod-groiips—group A, group Bt group --I Jf, 
nrtd grriup O, this Inst rontaining noithor A nor B. 

'I’o tho A^lutinogoiis of tho c:orpijsc[i» correspond aggliitinitLs in 
the (wnirii wlijrh are distitiguislied by Uio Grcoh biters a (or antl-^l) 
and /S (or uuti-B). Tlio smno blooil never posKtvnes agglutiiiida active 
in tlio presoneu of ihcir ojtposiliw; or in other ti'orrb, the serum of a 
given individual never agglutinates its otvn corjiuscles—a result widdi 
til fact would make ctreiilaiion, and coiueriuently life, impriEgible, 
.Ac€<»rdiitg]y tho Barum of blonds ltdonging to group A contains, not 
ftggtutimn a whicli agglutinates .* *1, bu( agglutinin and it is tlia Gortim 
of gr<iup B viiucb contains agglutinin a. nio group AH^ possessor 
of two flggliitinogoiiE, can never Tiave ogglutlulDs. whilst group O 
possesses at t.lio (tame tinio botb m imd d- From lliifi it followfi tliat 
tho cotuplola formulae of tin; i>IoQ(I-^gr(>U]i« are Af}, /fn, ABO^ Oa0, 
This nomondature is the one uaimlly adopted, but two otlmre, ihoao 
of daiiflky and Mose, aro idso in UbtCx* 

If one brings ti^gotlicr tlic blood nf two people lielongiitg to tho samo 
group thoTQ ia no result—tlio blood misoa normallyi ff on tho other 
hand one lirmgs tojipilher blood eaniplcs from groups A aiul /?, a will 
react with *-l, witli B, rjuJ agglutumtiou n"Ul ousuo.' 

Ill tlio light of ihoso fnicts we nnw loiow liuw tu priictico transfttBion 
wit ho 11 1 risk of aecident; it b enough Ui natablbb tii whicli group tho 
patient iHilnogs, and to nblaiii the blood freun a duller Iwlouging to tho 
SEuiio group uti hiuLself. Nothing is coaiRr, for in Uio big towns thore 
linvocomo into existence specialirAMl institutes whence, by tolopboning, 
one enn iumiodiately obtain a “donor'* of tJio ruipiired type, 1 o actual 
fact, tho aggluiinina are only active wben eoiicootrated, and those of 
tho donor, diluted in the blood of tUo receiver, ap]ionr praclically with¬ 
out effect; it results tliat one con always transfuiM? blood of group 0 
(univereal donor) into a wouiidiul patient, whatever his group, without 
seriiiijs results; and tlmt, coiiveraoly, tt auhjecrl of group roruive 

witlioiii liann any bb'Kid whatever (unlvetsal receiver), 

Ifiitnan beings, tlierofore, are dividisl into four groups, according 
to the Gcrologicid propcrtlofl of their blood. Tliese proliniiiiary 
eKplauHtiona liiivtng iKuei given, fot us se<i wbat main charactaiistics 
ora roveulml by tlio rottctiDiis of aggluUnation; after whicli wo will 

' TNriTftfiii iwindbate) lu ji«iu«Hibtiinw wwnlbwijoriiwt]. 

Ki sr« Att-i,a, o*vv 

* Tti^ KjtHnUMsIi ot ^HuUitUu tn\\ ^ cmrsiyim opbuMLIan pf lEi# AirU; Eitn ^im it 

vU|irB4l|x^^ UKilAlnvai^r Nudmfct rilUTi UKf*ei0EtBtel:3r 

9P0dAl pr-ftfiqftLti whiqlt nuLf bt HHiuiian Vf mnav di^taTnit lulbqtaDm, uf^ttor mftaLo mlt-tkftiud 
ntHltlluiid fAlji)44-€[^TvO- 
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confiitlor ihc npplicikUOQe of tEie rwulte (o (UffoTOQt Bubjocts^ pnrticu- 
Inrly tboso of ilu ^dirupoIogicEkl UAturo. 

It iii It funilfliucnta] fact tliat blood proporticii lievo a r^ark&bto 
petniimeDce. Tbdr iudividuHl Btability nmy even be rogardod as 
al>sotiito; a man never abaugra lus group uiid&r onj drciunstaujciia 
whatever. Wo alreiuly have obsonratioQB rovciing 26 yuais^ and we 
know that Hgo never niodUiea tlio reaetiona, nor does any phyBioJogical 
condittou. Illness has no effeotj nor have treatnionta of the moat 
varied kind, in spite of what niay have Loan aaid to the contrary. 
X-raya, like lluKie of radium, or repeated anaesthema, produce no 
efToet. die group is not tdiauged oven after a tranefunon 

fretu the blood of another group; and the casii is aotiially rerorded of 
A aiihjoctof group AJi (univarsal receiver) having undeigoue 76 trans- 
fusdons with blocd from each of the four gtniijts without suffering any 
modilicatlon of hia own blood. 

A second charaotemtie of blood propertiiB is the precocious 
t nnmipr in W'hich they are dilferendatetL The egglutinogons upjHuir 
before the aggluUtune. They are somethuee discoverable in the second 
month of ombryonic life. Quo can in any case always detect them 
during tho last weeks preceding birth, and so plainly Ujat it is always 
possible, norm ally, to know to what group a ncw-ltom child lielongs. 

If blood properties are hxed and precocious, they do not madfest 
the same degree of strength In all subjects. Agglutinins, like agglu- 
tinogens, differ in atrcnglh sccording Lo individuals, race, niut age. It 
has lieen recorded, lor example, that the ]>ower of agglutinins, always 
vary weak ai birth, incroascd up to 30 years of ago, to deereasii after 
40; and that it was greater amongst Malays tlion amongst Europeans. 

The fool of 1)elonguig to a given group is n hereditary rhameter- 
istic. It wmdd be impossible here to give evtui a rapid outline of the 
mechanism of heredity, \^liat ia essential is to know that in a cliild 
no agglutinogen can appear wliieh is not present in the blood of one 
or other of its parents. If the father imd mother belong to group d, 
all the cltildien may belong Lo group A; if they belong to group O, 
all tlie cluldxei) will belong to group 0\ if tiio parents do not belong 
to \lnt same grouji—if, for example, one hi A and the other /f—the 
diiUlrcn will rliffer and bo .d, ff, /Iff, or 0.* Kecognition of these 
fenhi has resulted in curious appUcstions of them. It has m&de it 
iwasiblp, for instonoe, to rcatoro to thoir leqicctivo motlicn iiewiy 
born infiints whidi had been mkeii up imnuHlmtoiy after birtli. .4bove 
all it lias been used in mcdico-lcgal practice to invealiguLo paternity. 

Altompts have been made to catalilkh u cunneclion lictwoen blood. 
pro]H»rtics and otlior merpliotogiind or pliysiidogical diameters of tJic 

■ II IflA b* tllat Knfdbiif lo BtriwCalit (IMH} uil icijilif y«d ttsmjm Inihiril H f IltUlUptt 
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ori^atiL^it Riich ftsstatiirc^, RfcuU-fomi, pig^uimtHiLaa, kair. ^ of onsot 
of pulif^rtjr^ 0t€. All tlje&u attempti^ appmr Vo Iuit^o failed^ tka differ- 
eat comdaiioos uiitiDimcred Imritig ejl bc^m nioi^ or Icm by 

Uio re«u]ti&^ in tii<^ lij^t of more oxtendod ohserratJoiiw. Thus, it bad 
l>cea thul in Sweden tiie mapri^ of l^up M subjects wor^ 

brnchyceptuilio; but this hm Lut been geDoral!j esteblkhodi mid it 
may lie resided its ii meJO oomcklenco. Some doctors bfilkvcil they 
couJil det^t iL mliitiausldp betwwa lll£^ semkigicitJ properti^e of blood 
Miii die liability to Ofrrtaia melailks^ sodi jm iiifecllpuB fcv^eiBi cancer^ 
etc. Victimfl of tubcrculcieiiv, for distance, belonged mdst frequently 
to group At wiiilat members of group B fiufTcr^Hl from c aoticenblo 
wi'^nknetT^ of tlw tier vows svt^tem, iind amongst tiiem iMQTluisee were 
more often obsenrcti and cri m in ak riiosi comuion. But existing obser¬ 
vations lire not nesrly numerous onougli to justify such conclufiions. 

Ltustly tbete Is Iho importimt llkci the T¥^tioiis of isCk~aggl.u- 
linutlon lire not peculiar to the buimm. ispocmc. Th(?y Lave been 
found in sovc^ ^lUier mEimmnls. in niost tlicj Appear to be much 
wc&ker juiil loe^ constmit tlian in imn, imd to rtauU from diffeneur. 
iiggluimoganSf on the otLcr bimd, buman s^uiinogens nod ^e^u- 
tinims are uku fomiil in the cutbrnpoitl ape^j gonltssi chunpon^^eed, 
oraug-utangs and gibbons. It follows that one ci;>ul;d tfruinfuap tho 
blood i>f a otumiMinzcc into a man of tbo sonvs group wiffioiit ill 
effect I whikt transfusion of hu man group B blc^oil would hove serious 
consequc3io^. 

Those Tow gcnortii obBcrvatiorw aro onougli bi demonstmte the 
great interoatf horn numy peinie of vtcivi of agglntinative plienemena 
and tbi^ researches whidi tliciy hare mspirc^h Wc shall next s^o that 
II knowledge of this aubjeot k of the greatest bnportancfi fur antliro- 
pcilogkts, and that the fact of belonging to a given group—a faetp m 
wo bn VO seciit mdcpotidiml of age, sex, and &viaj oilier phydofegical 
condition ^-'seems* on the other Imnd, to be a veiy doffnite fimctLon 
of race. 

It hiid lieen notioeil ever since Ujs ffret investigatioiiH, tji&t the 
projKirtions of tljo different groujis muiutainetj a rfj^iarkable wn- 
aiumy in a given populnliori, smoni^t the fTcrmans nr the Italumsj 
for inst^nco. But tJio (dm to MM. L, imd H. Himfeld) 

tliflt tliore miidit bo a relation belwcfcn tlie antlirtipologicd content 
and tlie difitributinn of iigglutinegfuia waa not put forward until lator. 
Being attuchod tliiring the war to the medical swu-vico of Uiu Army of 
dio Eaatj tluMie biologists liad oppiirtunitica of examining tlic serolog¬ 
ical properties of the blood of a Inrgu numhi^f of eoldiem or civUians 
boltinging to veiy djf^ert^nt roces. They t^at^ldislied Uirt'c catteries: 
One marked by a high porcentago of mibjects of group A and a low 
periicntage of /f, imd Lncluding the majority of Eum|>cafi nwMiS (Euro¬ 
pean typi?.)* s surond showing on the contnoiy a high percentage of 
If and a low one of comprising Mongoloids and ElhluptiiLns (Aao- 
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AfrtcoQ type); iiaii ^ liiat categoiy caBtuinlni; approximntoly miuttl 
quualities of .-1 and B, eompnainf; Bussiuns, Turks, Aru1>B, ami Jaws 
(iwtcirnietlijito This discover’, puhUshml m 19iP, pavo rise tw 

a cotiwdt'rnble mimfH'r of invcstiguliouB, proiiiiriiiy an unorniDua msia 
of rfontmiEntsi of vaiyrug ttirritj and emphufikwl tlio great ethnological 
tntprest of lilfKid groups. It woiikl uatKi mnuy pages to giro s 
pleto account of tha resiilta, uuil w o must tlieroforp confine oiTreulYee 
herb to duscrihing a few of the csscntiAl featuroa. 

ITiiwy.fcld Ibought Iw could conveniently »yutliesi*H tLeso features 
hy ctdcuintinp for each mco n "hbclietuictd inder,'* obtahtod by 
dividing the percentage of ./I by the pereentFigo cf JJ, llmt is to say, 

by" csttihltsbiiig the proportionate fraction 

subjects of a race ono found -tfl A, K) if, and 5 AB, tiic index woidd 

()© =a. The bioflhomicol Inde?: for tbs European ty|M> thus 

10+5 to 

fell iK'twcou 2.0 and 4.5, tlw index of the Asb-Afridui type between 
0,5 and ] .1, and the iudex oT the inmrmediiito typo botwcon L3 end 1 ,S. 

Thw uidex lies l>eon much used. But tho niofii; roconi rifaearohta 
have shown, on the one hand that the sertusthnio types eatablitiUiHl 
by Hiiuzfold were not exact enough, on tlie other that tlio biochemical 
index wneopen to scrioua rriticlsnij in actuul fact, all races h) which tiie 
pTO|iortion of A is equal to that of B, w'hnteiver might bo their absolute 
value, wo nil! have a similnr Index, equnJ to 1, what ever the nuniber of 
tlie O'a or of the AJVi, w ldrii is obviously unsatisfactory. 

Many other fomiuluo iiavo been propoaed to replace that of Uinjz- 
feJd, but witliout offering any clear ndvantages over it. On the other 
bend successful uso has been made of tablfiB, whidi have proved moat 
mstmetivo. 

Tho cixnminntion of such tabJus cnabU's u», folbwHjig Otteiilisig, 
to distmRuiflh a ccrtniii juimtier of quite well marked aoTO'Otlinic types. 
Ouo BiJch is remarkable for its o^ttreme poverty in both A and B, tliat is 
to say it iueludcs almost, exclusively only tho suhjocl. of group O. It 
eomprUaa tlie American Indkius, tlm Filipinos, and most of the 
Etikimoa of pure ni eo; it ht call ini Ute Atncrico-raeilio tyiio. 

A second type, ndjiieeiit, nttlLor deficient in B, hut richiq' in i'll is 
reptwentcii i^y the Austndbns (ATislrtdion typ<0. A thinl, ugaiit poor 
bi /f, Imt very rich in A, inoluHos nil westore Eiirepoim type. A 
fourth tyiio is markc>d by a moderate preporl.km of **1 anti 5, and 
inctudea tlie Kegreea, Melanreions, southern iiainties (Annamltre, 
Javanese) and is euUod tho Afro-Malay or Afni-soiJth-jVsiatic typo. 
A fiftli, tunliTOfting the Js’tror ICaatcrus (Turks, Bershnts, Armeniana, 
Arals^} as w-ell au Bu.’tsians and Ov.M'iis, haa a moderate proportion of 
B and 11 fttgh perrentago of A (intrnnwdjato typo). A sixth lum a vi^y 
high proportion of d vrith a considerable but lower projfortion of B; 
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cnlkd lliniutii tho fiami^ <pf Iho ChiniiRe prwTmdS, it inrltidciB, 

bosidcK thiii the Jitp£in(?!?r» ii piirt of tli« KoreimAj ttnd ui 

EiiJT>iio ihv P<ilrf5jf Ukmimufifl mid ITunipirians. Lifslly. ^ n^fintb tjpo* 
p€ior lEi bi*t Ihi* of idl m Bt compris^t nil tiir HijidiiiSf tfio 

nortlx Ohinpso, the and ia Europe tlio Gipgiea (Indo- 

Miiuriinrian tyjie). 

Such in oikttJjic is the aettml dawyicfttion of rocca ftccottHuir to the 
iirirologiciL! pmptiJTtife^ of liipir Mewnh Soinc finthropoloE^kfA hfivo 
critioiz:e4 it goin^ uTen so fox as to tirny tJtut Ulood^rrouffiii 

luiiy i^thnoio^cJil value at all, Tht?y cliiim that itrim a study uf 
It one can dndiioe no valid bearing; ntt Ihu rfdationsbip of 

roct^. Tlicy point out. for hintancOi tliat llint]u» anti Eniofiefinst 
hnve wholly dL^iimhir bloody whereas Lhero are p:u>fl feik^ops for 
supposing tlint both are descended from a eomiaozi stock; on the other 
bandj tho Lapps, who are of Aaiatic origin and vmy ilifTcrent from the 
Korwej^ionsi uro tnmlo to 1>ebng with them to tlie European t\'pe^ 
They ai^uo also lhal Jews occur in almost all the categorirs, as mud'f 
nmongnt AfnwMalnyffi lui In Euiopo (Ciemuifi dews)., fi,mongst the 
Itiionnodintea (Spitiiiali Jews) or atnonii^t thorn oi t]ie Hunan type 
fEumnitiiur pTpwr nnd Jcwb of Beirut). Tlie^ie objections j^ave very 
littJo weight. It is now agreed tJfnt Ilindits and Eumfi^^Ans atq much 
less closely ronnerrted than waa formerly aiipposedi oti the strength 
of linguistic evidence wroTigly interproted. The I^app** have very 
hregular bl<K>il-foftnu]oG, innj they sufficiently internjarriod with 
Uioir Scandinaviim iieighlKirf^ to mnlvO tl not nt all surpnsmg that 
their origENOl blood s honk I have iMsen modified and now uppro^fimates 
to Hint of Eiimpemts, EifiaUy^ we itifiy now regani it us certain tiiut 
the Jews rlo not cimstttiiic a tme mcOj but a group of communidee 
which me ethnically dktinct aiid uniUal pritmiiiiy by a oommon bond 
of religicin. It m/iy be nddod ii\ni if Gnevo, for instance, found very 
diiForent blooil-fonuulao oniung^t the didcrent Ainu Lriljes. that was 
beeautte he did uot guard eufiidontly agiiiont fsourcos of error (oou* 
«iangiimHy)j whirli uivabiloto bk stnliHlic^. 

On the other hnnctj many euciirBt4> cdnicn^ntjuiiB. as Snyder has 
emphasiziKl, coofimi Lhi^ real ethnic value of tho reactions of nggluti- 
nation, and slmw that populationii of difForent bhvod can live side by 
side far contiiriea in the same country without Uioir serological prop¬ 
erties undergoinjj any nKajification^ if there m no mtonnarriflge. Thus 
tJjo index of the Jajjanese and that of the Aiiuia is very differontj 
allliuugh tliiifw? two races have hocn ndgiikira in JapBn for sevonil 
milliuinta. TJie facte are parliiuilaHy Rtrildngin the Uiiited Ststes; ilie 
three groftt mem wliiuli Imve Uvetl tlinro on the same lerriiory for 300 
yeaiB still relnin widely different inilicis^^llie Indifui^ bnviiig one of 
U.5; the wbitos^ 3Ji: and the bliudcH L4. Hungary pnmdea imotber 
cboice e?;ajrii>]o, h(H^auscin tbatcoimtiy arc brought togcUiur cnloniea 
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which are athnicaltj very dllleraiit^EIuBgariaiia Irani Uie eaat; 
Gipeiva, prabably ef ItUulu uHgui; and Gcrmiuia of t dtitf Wore ihe 
eightcenih i^tiuy—Uic study of tUidr hlood showe, In. the pluiueat 
pdssihlti fiuiliian, that tlie Germans of EEDiigaiy rcKct Uhe those of 
OHrmaJiy, whilst the GIpideij are of the eamo type se the HinduBj and 
that the Ilungniians riome eloeo to the Turks—results agreeing cmtiroly 
with what wo know fram other souroee. 

Wo mar conetude that blood properties provide us with a geuuutcly 
valuable meanB of revealing thu purity el a race, end that they owe 
liieir importaiico to the fact that llioy are at once striotly ht'rcdltary 
and AS independent as poeeihle of unTiionmentnl tnHuancea, 

Certain anthropologists have gene further and tried to extract from 
aerology infotmatiDn about the origin of nu-os. The drat theory of thui 
kind is that of Ilirs^feld, who was struck hy observing that, as one 
passoa trom western Kuropo to eastern Asia, the proportion of A 
dimlnialiee and that of li incroaaoe. The facit b indispu table, A poasea 
from 45 percent amongst the Norwegians to ST amongst the hisuuhus. 
In th 0 esse of if, the change is p u-ttoularly striking. One meets in tu m 
witli 12 to 14 jHfroeiLt in western Europe: 20 to 23 periumt in the 
Bnlksns; 25 percent in tho Turks and ^kahs; M to 4U percent 
amongst the IndmOlunese; ('liincso and RmdiiB. Hirssfold thouglit 
that froii) these facta he could infer a dual origin lor the human race. 
TJiero would have oxistod, according to Ids ideas, two human sLoeks, 
one having group A in its blood and coming from northern and western 
Europe, tho other, with group JS, coming from tlie east, |Hirhai>a from 
India, llio two stocks liaving mingled in tlie radons wiiers they came 
in eonLnet would hnvo given birtli bo an intermediAte type; the If 
etement having, for instance, been introduced into Europe with the 
di6[fiiren( nricntal mid Mongol invasions. This view is sntirnly hypo- 
thetiual. And while most aiithropobgiBts at the moment lieiieve that 
the agglutinogens A and B miiy well have come into existence sepii- 
ratcly and in difTfiront ro(pt>U3 of the earth, they will not admit a dual 
origin for tho human race. It is known, in fact, that entJroly new 
miirpholo^cnl, pbyuiologiwil, or diiBmical charnctoristica may, in con¬ 
formity with the laws of horodity, appear quite auddeiUy in a aped os. 
The phenomenon is oailod mutation, and numeroua imstancea have 
been recorded in animal hreeding. According to Bernstein and 
Snyder, tlie acTological prnportica of the blood nilglit i.lma have ap¬ 
peared A 9 a mutation, and the human epecios bo derived from a ainglc 
flbeni which originally lacked Iwth agglutinogenB and agglutiniim. 
One of tht" principal arguments in favor of tlda view ts that the living 
represents Uvea of races ragardud as pure, but on the way toexunetion, 
have group 0 ratlier exclu^vely or at least dominant. Thus out of 
112 Kavolnis exaintned by Rife, 111 belonged to group 0 and onij' 
I to group j-l. It would BfH'm tiion that wo may regard liiis group 
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O ^ pruiiilive. St nr ting witti this prijiini^’ huruan blrnHli tl^eire wnitld 
bnito b^oniD diflef^tintod tihe aggliitiiiogon A iii Euruiwi^ tli&n tbn 
nggiutinogcti in Aaia; donbile^ there ako have bofin a supple^ 

tnfintELTj mutation of A in the Fur Eastj rceponaibk for the irimnn 
^up. The Bupposaj^on that group b older tljtm group It rests oa 
the fact Uiai tiiero are ^voraJ rac^p audi aa lLio AuBiridiimfl, wlio have 
group *l btJt not group wbikt mm are known to Iwive group B 
without group A. Acujording to iUb viowv the fact tliat puro-ldooded 
Indiam are ^ of group O wnwld prove tliat ihoy bwsan^o eeparaitid 
frtnn iho Mongolian peoples tielora tlie fippoaraiice of luij IiKwhI 
mutation ; and the fact Umt group A hut not group B iwcuni anitPiigst 
tlie Aostraliana woidd be evidence of their having been isolated from 
tlioir stock during the period that elapsed botw een the two mutations. 

These viowa are strongly In favor at the momouL Prof. J. ii. S, 
IlalJanB Espountled them doqmmtly iu a iliseourse before the Royal 
Inalitudou some yeant ago,* We tuuis^ howevaTp face tlie fact that 
they are largely byjiothotlcal^ unrl personally 1 ran hardly admit 
ttjein. Why, for inslauco, riinuld Ibe Bcncgaleee have 19 percent of 
wJten lliey do nut appear lo have any trace of Mongolian ad¬ 
mixture? Quo ta driven to assume an independent muiation of £ in 
Africfti which merely oomplicates matters. But above all tlie fact 
that human ag;gluLimns and agglutinogens am found omoDgst Lhc 
anthropoid apes soems to us to Imvo a very important tearing on the 
proidoEiij and to sUuw in Uu? cleomt |K>sajble way Lhot bloptl-groups 
have cixistoi] for ti very Jong time mdeed* Thdr rocent sunultaneous 
origin in niunkeys atut men is, in fnet^ rnr^t in:kprobable; is not tnors 
natural to suppose that the common ancestors akeafJy po^cgt:$cd 
a^lutiiiDgens? We will couhno ouiBelvcs to sayings fixiullyj tliat if a 
choraeier ran appear by mutation, k con also disappear by tiie same 
process; and U Bkould be remembered that tho majority of Lhe muta^ 
tinn^ obf^rvod In LhO cour^ of auimaUlirredlng am and 

ooiisist in tlie lose of n structure or of a dLffercnliatiun^ not tn Lhe 
ftppKarMico of ti now diormcter. Is it not mono wiLisfaclory lo regard 
the Redskms, for cxampte» as Mcrngo-luids who have loet aggiutmi>|^ 
It tlian to suppose that tliey left Asia beiom the appearance of tlm 
mutAiiDTi? 

Wb may ecmclude that, ivliilu the study of the tmclion of aggJu- 
tiiuition Jim}* not be aide of itsoll to solve any aiiLliropolopcal prob- 
lejUp lUjd while no cotnpleip mehJ dossificatioii cim be founded upon 
it tki timt up Ui a point it limy have bctrajEMl iho soiiiowbat fantastic 
cxpeetaiioos ardiiBeil at the startj yot it does provido means of ap- 
projsemont wliich are of great ioterostj complotnoxiting ond cbeckitig 
those itorivoiJ from other aourcee. No serious (mthroiwlogicd inquiry 
can in future dkpenae with it. 
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Let us etote, in concluBtou, tlinb tlie ngglutinstire properties ere 
not peculiar to the bloncL 'HiSF^r nre found piecuely the wime in. the 
dUfenmt soctetions—niilh, enliva, ^tric juice, bile, eportu; they ere 
even found in the nimced tissue. They are u eoostitutkimi feature 
of the wliole oi;^nj:sm. They ore ohbaioed from tlie hlood wordy 
because they are easier to detect there. 

Note.—T ile foUowbig artiejea in Kn^jlish drai frilh the same 
subject: 

l i ProaiufjoFT jo the Uiclil of Gcactlcs; a (Useoursc dcUsifrai it tl» noyjU tji- 
■Ijtntioo on Priilay, PobninTy 20, IW31, PrlJikul tii Tim IiiMiuillty of Mwi, mid 
ntlicr emyi, by i, H. 9. lIoJiljijic pp, 63-77 (Itkiad'grouFM, pp, (]:t~70}i Loadou, 
Chaia> ind Wlndim, im. 

3. Blood-OrtKips uul rbyidoanotny of Riltliili C'cilumbti CoMtil IndJauf, by 
R. Hugglea Gites lod Georgi E. Darby. Jcum. Buy. Anllirrop, I nst. 1B3J, vol, 64, 
pp. 23-44. 

3. EiiiJnio Blwd-nrrtittwuid PhyuIoguiHuy.by R. UnggiiM Gitn. Man, IMS, 
No. 36, 

4. Giten. TIorHlIty in Man, elmpbir 0. {Cun«t«bhT. I^uidon.) 

5. The Dklrlbutlon of the Blood-Groupi, by AJlisoii Uavb, Bo^l. R*v., IMS, 
vrf. 27; Juitiiiry, pp, le-St; April, pp. 183-200 (with lUt pf I«oI(p cltedj. 

0. TheR«Ul(aiiofBtnwtGroupAloRireaiMl^mfiPartleuUrROliheBouthn'wt 
IV.Ifid, by IL J. T. Bijiiucr. Joum. Roy. Aathrop. Inirt-, IMA, vnl. 66, pp. 
123~3I. 



EARLY CULTUltES AKD TrtEIR DEVELOPMEKTr 

A NEW WORRlNfi-UrPUTtlESlS* 


Hy WotrMAJA EftVJftirAKD 


III ro{jftri| to tho origin ftinl rioinn^r of gmwtii of iho Chin^o 
ciTiiizotioii^ nfcitni^roiiB theories Imvo been propourulcib by rtluicilu- 
gisfej OD iJiLt oiui fioiwlp by sitiologii^bi on the other. Jfoiio of tbem» 
howpverp it u\mi ba minuttedj hfts m fur m&t with mneh favor in 
either eatiip. 

Lllmologisn; in gouorul bi^tiiaio to eoirunit tlionist'lves in regor^t to 
my of tho higher eivtlizationsj for without a thoroughgoing farnhiiLrity 
with its iftnguftgo luni its entire titejuture* they find it nuisL difiicnU 
li> form any Accurate judguioziL about it. Unfortunately, Uie ina|oriiy 
of workers in stich n field are obtigim] to ahapo Lbi'iir npiriions at si>eoni{ 
ban lip thmugh the mcdiuin of sudi tnirkalalkir^ iia luiiy ho uvailahle. 
Tliey thorefotu incur iJie danger of httaing their fmndnsione on faulty 
renrlerings hy rhe translutorc. Hence, even the latest works ircRtiJig 
of Chi OH from the etluKilogieal point of vieW| although they oftcti 
contain matter of tho fughcat intereat, are oerlabi b> be rc^gardrd by 
thesiiiologiBtsftsehmdmg in need of ftiHhor coirobomtioii. In their 
adoption of this Htr.iLttilii they ats ihoro^tglilj jiisMfud, and for so 
dintig wo owD them wcrni Lhtmks; aim.'e it is only as wr arc sttmulated 
by their eritirJsmfl Khat we can hope to make any prngre^ at alL 

On the* otherhanilp tfiere nrti tlse theories advanced by th^ Knologiats 
thems<dves« These we may range in two major groups. Of thciso, 
one holds that abouti the third niiJIanuiiijii IL C. a W<!5itcm [fcoplo 
v^nih great mitura! aijiiitles umJ a liigli type of culiura inigraLivl to 
( 'iiinu and settled thcrop iirat ju Llio valley of the Wei River mid then 
in timt of the Ilaang TIo Itho Ydlow River), Fmni lliesc n'giona 
they graduaJJy apread their rl^dlisatioii aitnmg ihrir more bACkwarv] 
neighbors, and so created the gerni of the later Chhui. 

The second of th(x two Fjpts i>f views mnintaijied by the sinologists 
hoIilB the Chinesci Ui he autochthonoiiSp and tlieir civili?:ntlon in con- 
sequence to have been cJevolop<ul indopendontly in China itaeJb with¬ 
out any firndgn aid of iioportanco. According to tins theory« the 
priiuilive ClimesHi alinprd their cuRutd tlicmselvus md then wero 

^ Tnittltit«(1 bF |Niriai 4 vkw Ileta Ilw rtQO««djB0 •.iflhd ElhooKuClHlI SDOMf (TmfUUilbffk^l ilfft Hwia- 
klum nt7 RmnJ imHiU, la O. W. aUltPir. 
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ablo, iJjimigh tiatiirni increAse tn nuiitliere untl lij a procAsa of nfjstirp- 
tirtn, to apr^dd it gTflduBlly over Uin whola of vb6t Ea today tho 
Cldncse atca. 

Ethoologitits iiava looked \dtti dutrust on both tbo latter ;^upa 
of l.1ieor1(», and the^o have indeed been unable to Gnd ony real support. 
Everything that we know aljout tlio way in which civilUfttioui; have 
grown up iu otlior parts of the world forbida ua (o liolieve that in 
China alone the process of cidturo-building was as simple ns is tnvpltoiL 
by either of the two sbove views. J^loieovor, tbs books written by 
their advocates would give tficir raadora ttia impresfiion tliaL tho 
Chinaso civilkation of the sacond and first miUonniuttis beforo our 
era had already acqulretl a iimformUy of character in no w'sy iv&seu- 
lially diilercnt from that which tt has today. From this Iwlief has 
apriing the strango notion that the Clitnrsn civilbntion dbploy^ ii 
stahility imexamjilcd oJaowherOj and with a total lack of any tendency 
toward evolutionary chang(». 

Pfow, to tho trained ethnologist who travels through the interior of 
Chinn it quickly becomes apparent that there exist at the present 
day in that country^ often even in quite email areas, very great 
diilcrniiCM in cnltviro. Such difTemticce can only bo oxptamed by tha 
assumption that tins or that region has 1u>ld fast with raiylng degrees 
of oonservatiSTTi to its own ancient customs and individual p^'culinritics, 
Thoao obviously g(» iiacik to very old local cultures. The latter inust 
havo been oven more strongly marked 2,€00 or 3,000 yoate ago than 
U tho case today.* 

Hero at the outset we must recognize clearly that ilio stuologists 
who maintain cither of tim two above-iuenlioiiied thooHes Imva acted 
on the following ptindplo; that ia, they have uuido indisertmtnate use 
of uU statements in tlie CtLinese litcmiunr w'liich hear in any ivny 
n|M)n evil tun I development, wiUliout first conetdoring lo what par¬ 
ticular part of China any given stutement may refor, Now, nearly 
every such passage states axplicitly the place of which it B[>eaks; but 
such infornmtlon hjis not so fur been taken into account. Yet no 
matter w'hal tho results sovtgljt for, siiatementa of t.bi« sort are Urn very 
first to which uttentioa should bo ptviiL The nuuo itpjiliM witli equal 
forrxt to the study of ItngiiisLu'A. The still joutiifui seienco of ChijiCMii 
philology hoa tried to recnnstnici the proriundutiori of Old and 
Middle Citifusee. In ik> doing, howsver, it has tadtlj assumed tliat 
tbrougbout tho country a given eiuiracter a'os pronounced in the smno 
way and has passed througli a precisely etmiliir course of development. 
Yet in opposition to tUa quite uiiwurrimted lUHnunptioa are the facts 
that oven at ihe proaent day the Chinese spoken in varicua porta of 

1 Jliixrlljat tim lurrlv^kt iif rnmusi, lul Mmriip rtmi tm W- VMhutU l)B ibm 

k^mtrnir* bl A imUf^ Iona rutEunn (Eiv <$tp|h.1ur fltMTEBlIMtd^MrtlrtM LAl^llnlltfh AHU™ 

AjNhi. nd. r. iinr. 
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tlio countty a jinououiHi«<| in very dilfcn'jit vraya; and tliat, inomnrCT, 
Uj 0 old difiiwnajiee giro lonj^ Jifits of tfudi tlinlectir-nl foruia, I need 
oidy montiriii hora, h.v way of illuatnitioit, tlie word cA'tl, Asfl, or 
aigmfying imnodorn Chines "place", 'We", or buL wbidi 

Boea back ongiiinlly U> nn old word belonging to Uifl Cbiisl Culture 
(UiC Inttcr W6 eball diacusa at some length btor on)* ami whirJj thoro 
had the meiitiing of ‘’market place." Tlia distiibution of those 
place rtanics in wliich this word forniA an Rlement ia sutnowhni iiar- 
rowJy restricted; nefcionco to tlio C%‘«h^A'{u and tljo Tini-chvan 
^(jwfl that it appoaw only in a. region where tJie Const Cnlturo may 
he supposed to have ffitfirtsd mfluenco. Another word helonging to 
the sanio eultuiiQ group appears to bo tang, meaning "youth," "marv." 
A wottl of the Southern Culture seenis to be yin, conimou in titles 
end ofton signifying eomothing like "leiadcr." The etiidy of such 
dialoot'Words has so for only just been bogun by a very fow sinologiein, 
but has not yet boon carriGd to a defini te conolusiDn.* 

HMIT 1 

In my invostigatioiia J have begun to include the use of such iioiin^ 
of infomiation iis those just meiiiinnetE. Tboee froiu the moat differ¬ 
ent periods must bo employod. The toek is atiU in its infoJicy. No 
one man oan hope to carry it out suceeBafuUy: for it inwolvus ijothiog 
Ififla than tha carelit) reexamination of the entire body of the Chinese 
litoratuto, art, and ell other cultural phenomena. Pop Iho proaent, 
only brief reference will be made to the results already attamed, atiii 
a working'bjpothesiB wil! be set forth wliieh appears to tne to aei^ird 
well with both tho histotual and tJie archoologica] evidence tliua ftu 
available. In tliia liypotlifsria there will be no effort to go back to any 
tiltimaie hegmningfl or ovaa to tlw origina of tho basio culttirea in¬ 
volved, hut only to a oultiu’aJ etagn atrendy "late" in tho othnologient 
soase and wliich, hieton'etdiy speakitig, oovere noiigiily tho uertud 
26(N>-500 B. C, 

The theory that the Cliinose eivUizntion wue single in its origin ran 
no longer be upheld. Since even today, after a devcluprtiPnt ejetend- 
mg oyer 2,000 years, there may still be recognized several more nr 
less distinct local cuUiiree, the latter must also have been present in 
times earlier sitlJ. Threugli their interaction it wae that tho dvllisH- 
tion which we know aa Cfainose aesumed form, Tho fixing of tho 
territorial limits and the i.1i8tingulehmg charHctorietice of these local 
cultures is coi^equcntly one of the most important taske In the wh<jle 
field of Chitiese ethnology. 

■ II b^aofMibadMi Ilia word iiwrtavii»ldii(9iithiijB(>jMinai(i)f*v«lyiB«B««a<.«fTMHi,bta 
««1ilauiy (u anubm OuleitM^»ihii vean iwUv inwaliimbn a dwObiI 

«H 1l M favffHd ljul nuy ftlurmliilv w)ukm in lUhlvlBlir tbh itudj U 3 miam. 
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I. Wo mny, I Uiinki diatlng^uait O^e rollovrinf! JocftI ciilfuros- Ift tho 
first place cornea a Nortliom Culture.* This extonded, vdthUi the 
rodon whicJi we now call Chinn (ita extensioo owtaUle Hint area wo 
aliiiU not consider here, since for Utat puriHific the Chinese sour«» arc 
inauflicieut), over the present province of Hopd, northern and CBsIr 
eni Shanal, and northern Shimtnng ns far aa a line piwaiiig sontewhere 
near tlifi aacred mountain of T’ai Slian. 
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Tlmt tills culture may ivelJ Jmvc been ppoio-Tiingusie, othaienny 
speaking, several indications unite to suggest. Amo^ Uieae is iU 
poaftcaraoo of a form of shamnuifini, pmcliriKl by magicians or mo*ll- 
cinemen who during tlie latter part of tiie first tnillonniuin Ti. C, 
played an cfljwcwLlly notoworl.Uy part. Significant also in tliis con* 
iieclioM is that veneration of the boar which soinethiiH} appeam. So 
too is the cMjcutTrjtice on tlio Sliang iTln) Dynufily omole-bonos of a 


i (Afiiniviifd Im TWMitm wmir nilturM siv HiHiildd flu fitMtfm jirwiJ*il»: 
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(olknaniii tif h msighliOFinpf peN>ple who, uiidrr the lorm Jiirjen^ 
artt perhii|ifl to be; iduiiLifiiyl ns iht ancestors of iho later Mondoia, 

It h poaaibloj Twrliaps eren prof^ahle, that thia Northern Culture, 
for 111! its ppoUi-Tungiiflii; cUamt^terisucSj containcd a strong Palae- 
oiiiatic- olcment atso. R-KOfiTations on NeoUtbia sited h\ oorlliarti 
Oliuja show that tho New Stone Agjo po|mlatioii of that ajoa, iitsmfar 
4ifl iL posseesed this particular of ciiltun?j lived In pit dwcHingd 
about a man's hrigbt in depth fliid with their tops rcacliin^ only n 
little way ftfwva giXMiiiiI. Tlie^e pctiplo^ ijioroover^ made uae oven in 
far later llnit'^i of bone arrow poiiiL^. For dotbiug Lboy mnsE ori|^- 
riftlly have employed fur garmrnta. FuiUier, lids enUnro had mytlis 
about the fox^* in which tliatmtumd plitys the rtdo Imthof a “trickster'' 
Mid of a soJiddirine being. Noteworthy also wule tiio great freedoin 
pemrittOLl to wornen^ Tlds rtached erneh a degree* indoeti, tliut it U 
pnfisibla to speak of somethmgin tlio Tintora of a matriardiate; lliero 
i^qms likawise to linva existed a custom of gucsl pfofitJtution like that 
found teday umong certain Siberian tribee. Among tfm mytlis bo- 
lungiiig to this culture may alfl^ bo thut of the expofluro of tho boro 
while a till an izifant and his prutociion by various beasts [llou Ch i 
mytli). In regard te this last attrihiuion, Inwovur, I riii not oniiToly 
tjftibfiod; for bero antera tlie qtiestion of Imrn^wings from the Wostom 
Ctiltu.ro (to bfl cibcussod below), dneo tliis purtiouSar ly|)e of uiyih 
displays in many of its details distinct solar elomonta^ IToad flatten¬ 
ing Booms idso to hava been pniotiood, at toast occasional Ialthough 
whether it waa really a charuciaTiaLic irait U not sura. 'IVacea of it 
apjicari howeverj ovon totiny^ in norUieni Cbiua; for tboro* longhcadail 
diildron iiro rt'gardcil as ugly and a child^s bead is thorcfuro kept in a 
cuflliiomsd ring wliich prabahly oaiists a eorlain amoxuit of heail 
fonnariou. ^VbctbeT dm (load worn diE[MJsed ol by mean® of platform 
hnriol is also imoortain. This Xorthem Cullupo was in its primitive 
fann quite devoid of anything in tim way of agticiiitura, and \b accoriU 
ingly to bo rcrkonoii ainonp the higtior types of hunlitig and ftmd^ 
gathering. 

3 . Wmi of tiuj jiroee^ling wa? wlmt we ahull term bore the Western 
Cnlluro^ Ntiuiy things alioiti iliia unito to ijjdii:ate that itiS posBftH 5 ora 
w*ore p(K>pIfl *jf Turkic stock, cleubttcss very early intermingled with 
other groups. To U Wd muBt nscriho a Htning clomant of pjutteral 
nomadism with a rigidly cin?aniKod paLriiircliiite auil a religion eon- 
fiisting of vli 6 worship nf Uie bcuvimly bodies* Amotkg furtbwr char¬ 
acteristics wi? may reckon the tiso of the horaoj with a rite of liotso- 
sacrifice. Clotldng w as probably of skin. The dwolllng^ origifially a 
round tent^ wiip later widely mlopted as a typfl o-f habiUition tbrougli-' 
eut caateni Asia» Grave*! were marked by tuiimli or rtieundB, likewiBc 

‘CojuwnUiC n^tWh llw (uyUu m W. KborbinS; Tjl«n tWtwMcJMf Mwrfwfi fT. f. 
naunErAUQIHI* Kfl. Hiiulnki* Ucm; fm itlw lurtt, IM^, CftSiirv IWJ. 
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ratmil in torn. Botite, when iiwxl at nil, wews of liide or of hillntod 
Akin&. TKo typicoJ musicnl instruiuait was ui esrtbnnwaro drum^ 
btor (xH 3 rUaps tlirougli foreign infhiencey tboio Appraml stiingod 
instrunicnUi. The Isrirate and associated practice* scom to hare 
been euiimton. The part of Chma occuptod by this culturo appear? 
to have boon the uorlliem Eringc of Slicuu, weat-oni Sltuiiai, and port 
of Kaitsti. 

3. Adjoining tliii West*™ Culture on the sotith w-ns wluii may ha 
icniiod tlie SoutliweaUirn Culture. Tins had its erntor in what is 
today the province of Sxcchuau, and Its possessors we can with (bt- 
tointy identify us the Tanguta—a people in all probability of Tibetou 
stock, 'rbis culture must in earliQr tiniea bave Imd a greater extoiasien 
eoatwarrl, iu otio direction to Uonait, in anotlior to Hupei and Hunan; 
while it {dso eomctinies reached southward os fur as Tongking. 
Among nearer oit'iia lalor ponatmtud by this culture ’were Ttlnniiu 
and 'nbet. 

Hors too, horse breeding played an important part, along with 
poslorai nomadism and sheep raiang. Crwniitioii was pcrliapa typi¬ 
cal, as likewise were polyandry and tire couvade. It b however 
diiricult to determme just whiit wore its distiiicuvo features; for thnto 
surnve, from the period when it pluycil a part of importance for dto 
whole of Cliino, no traditions which might supply us 'sitU cluee; 
whila so for tto exoa nations have beou midortokan on sites iudubitahty 
belonging to it. In later tiinea, moroovor, it lay a little to one ftido of 
the main current of Ghineija developmiutt, so that there exist very few 
literaiy referuncos to hdp us. 

i. To the oaatj in the heart of the present Chinese area, was Ibc 
Sou them or Ch'n Culture, so colled from the andenikuigdnm of Ch'u, 
whidi hod its nucleus In the present province of Hupei. Next to it 
anil lying along the coast was the Coastal or YOoh Culture, ntunod after 
tlio nid state of YUah. Of iJiesa two cultures wa obol] spaak, later on 
ill more detail. For thu ninmetit we may t urn to the lost of the curiy 
cultures, one whoso cxistenr/e luuf thtts far tieen scarcely more than 
hyimllictirally oetahlished, and to wliich only a very few* initia can Im^ 
assigned os definitely typical Hb, bowevor, of oxlratiirilinaiy impott- 
unce to a cnrrect imdcrsiduding of the oultural pituntion In southern 
and eentral China, Thb is the Li Culture, w boee poeensson w ere in 
niy npitiiou AuatJfoasiatica. Tliol wc niuai ivckim with the prceeiica 
of penplu of that stock in China is mulurcd tlio mure c>iriaiu by Uio 
fa<<t tltat even to tlib day tlidr remnanta surriva in the pmvtnre of 
Kuoichow. Thb in itself juslifics us in mcluding thrim In uur enu¬ 
meration. Thera are, niorco ver, many other indications that in curlier 
times iJicy played a role of greater iniportanoo than wo should at brat 
bnve suspectod, lljair culture con otily tiave been that of & very 
baehw'anl liill-iiooplr who w'orp focal gathereta, n«t growere; nt most 
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they (tan Itftvo biul ntilj^ a primittve fnmi of Bgrtciillttro, corrieii 
on by burning clottings in th« forest and tlian (iulti«atiiig tiiem witli 
the ^ of digf^g<siicki!. We must, bowevetr, oxercbo great con tion in 
trying to iieetgn to them any (jpient cultural tnuta wboteoever; aiuro 
by tbo timo wben tboy first oomo witbin the purvinw of l)»t>or 7 , tJioir 
oulliiro li(uj oln^dy beou ao deeply overlaid and so nyoatly modiHed 
by ibofio both of Uie eoutb and of tUo coast Uiat it never appeajn 
bofnro u» in its pure and unttiixed atato,' 

Tbe study of these two culturesi the Southern and Uio Cuastai, 
diaeloees llmi they share certain cfinmeterbties witidi cun only be 
oxpl]iim*d ua due to much tmstiira and overlaying nmi wbicb ore 
probably, in part at loaat, the roeah of contacte with the Li Cult\tro. 
As long, boa'over, us no re!u?arclie8 have as yet been eanied out along 
tlieso particular Ibea, 1 do not core to commit myadf in regard to thorn. 

5. ill (sonind Diina, oepcdally b what is now the l^vincc of Hupat, 
the li Culture has bean ovorloid by ibut vhieh wo have eoUod the 
Soutbom. This bocomoa evident when wo oboerve UihI the Ixuireni of 
the bitter culture were by habit valley dwellcre, while the U people, 
oa lood gnllmrcie, proferred living in the lulls, In Uib way it b (luita 
posdhte for two such dilfetent gmuE^s to live close to each other in die 
eamo district, with only « very slow intenmitgUng of their two oukutn 
patterns. Wo have instances of fust such a state of elTaira even 
today in aoittherti OliiDa and especially in Tanjian. 

Tlio extant of Uie Southern Culture ntust, however, have bean 
far greater than the above would suggest. Its fomtor oristenco may 
wttli certahity bo ascribed to soutJicni and wostoni Honnu, to westem 
Sbuntniig, to Anhui, fuirts of Kiangsu, Kbrigsi, and Kuangtiing, nnd 
also to the whole of Hiiaon. I ts bcoreta seem to have bolongod to that 
'T'ai stock still to bo fouiul in soattorod gronjis ovnr South Chinu and 
Farther Indui. Tboy appear to have haml a wDt>rico culture, nosocintod 
M'iih iirigatiou and the koeping of water bufTaloes and cattle. Their 
former ostonsiun can bo clearly ilotoetod in the dbtribtitloii of myths 
douliiig with the origin of rioa and of cattle, and of otbete in which the 
ox nppeiim it.'i a boiiat-holper (cf. the stories of Uio Cijuioirlla and tho 
Swan Nlaidon typo)- Tt» this tSouthem Cultum, too, bdoiig the my tlis 
which portray the tiver^god in the form of on ox. 

Typical of Uw oumo culture SBom also to bo tho toirocod fluids of 
rammed earth later mads of rough stoaowork; olForiugs of grain 
(hiior of bruad) cost upon the rivAm; and mi agruxiaii spring festival. 
Among musical instruments appears cspodnlly the mouih'Otgan or 

■ U«UI UM ptObtaD M Ult Ute Utd U» YH, IWb tvAtSit oTSOUHn OUlu; talD thO. 

an<r*w,««cubs(ambiia. Ttww^ larwlMwi !>. ba J«flii4W IftrtlgllliMW tlWI wluli tb>e pvbQlM 

i^wt ffm Hih ot^i itwr in bMn Anily^iiiiUca, UEflutnnM In r^lTirnii irRm —iht Mlirfi mMtnlr tff i!h« 
T%\ paffpjig^ tint Y*A m DClHf liiDit t*ilm by tl» ur Vuili tJuliuit. Ttum porUbpi ttlU 

wsuiUtar flUialff ifaUMtsI |a tHilnA, the n d«rfc4Uiii»d| irT*4{K ikj ijuif t iMturK, ifUJ Ut|c« 

\n UDif (MTU oi MtiltLT* uift Uh Fhll^plD# tiiki4:ri1jL. So lb* rrhWiwi 1 * Kt HifndukiLty 

d^Rntt* In wimut ma MliAg lUmm ufi u * tn C&lBi. 



520 ANNUAL 1 1 IMPORT SMITH SifONIAK fUTION. l^i3fT 


jpw's-honi rliuaB. Thoro wa^ flu* plawj or purlmps rather its foro- 
rumiisL » two-pointed spiufo e^pwidb^ ai:lnptp^l for ^orkiup hi flootkd 
iiclda. TIjl» mlipon to haw been a coiiibirmiion of aticoslor- 

womliip niitl of a otilt vviOi ofTvrijigs of swun.'. "U\w Latter 

are in eoritnkai to thoso of lioti&es sind cuttle which rhurun^HsCii tlio 
Western Culiuro and to tlio dUTcft^iit typo of cutth-soariJic^i found in 
tho Coiustul Culture. Anrong mytiia #coU!ui to hivvo iMJoa ouo whir It 
Jold of the eepanition of llouveti and Earth* regarded ns a wedded 
pfiir. ThL*i, however, is not q uIto oertoin; this partkidar iny t h nia3" have 
Ijclonped oHgiiifilly lo the more prittiilive euituro of tlie Li people. 

0. The Coastal CultuTO b by far the most importaai of all tin> early 
ones, especially wlien we take into eonsifkTation regioiis oiilsido of 
Cliinu itsdf but adjuceut iheieU^. I to liejirers wem a people nalli'd tlie 
VOrJi* who* it would Beeiu, i^'crc essentiiiUy Indoaesiuns. They npjx'ar 
im living by tlio aeii^ witli whoi^ ways thej- were very femiliiir; nud tliey 
bud u wcll-doTelopod art of navigation. Chinese sources statt' that 
they lifid (vlso settled in southern Korea as well as In the Chinese pro- 
vinceof Shantung I while recent investiEtationa concerning Japan suggest 
tliut in tlmt *ajimtry, toOi the YUeli people had settled mtberdcUfiely in 
certain lur*^. 

The router of the V(leh Culture lay in the provinoft of Chekiang* in 
tlie noigbliorhood of the sacred niuuntuln Knei-cliip al>out which rs- 
irq-lvo all tlicir ofi^i-myths. In regard to this ciiitviTD the written 
rec^irds mention so many cliO met eristic traits* of tlie most di verso 
origin, that it can clearly l>o sluiwn not to havo bwl a single origin but. 
to Ijavfl been composed nl olamenls Ironi a variety of soiin:eft. This 
leaJji UB to suspoct that ali tlie other early cuUnres eniiiiu.a:aled above 
would iiIho a auinliii^ multiple origin* w'cre it not for I ho fact tJmi 
thi‘ uvuih$hlo literary evidintce hi r^’^artl to tlmuj iu far m<iro ^^niy in 
amount. On account of tiiia defect in nnr knowledge, lioweverf w« are 
unahk to determine the true degree of tlieir complexity, ficnco we 
inevitably tend to ovufsiniplify tlnm and U> cotifshter t\mu as thrived 
from a idngle source. This* of counso* inrludc^r tlio Nonheni and the 
S^uithem (^uJuire^ already tiu^nfioriad* in oarh of whtoli wo ciui delect 
traeiM of severd fltill older and quite dltatmct cuUum, In the Conuftal 
Cidttjro liiiB iKicojiie* at once dcfinUoly up parent. l*'ur in it we find* 
togethur w-ith cidtitiTM^liunenj^ ipiite cuiiipjitihk with Lltu cluiracier 
f>f a ^during ociastai paoplo* utliors apparently bettor uuifc^l to hill 
dwellers* and also still a third group Tnoro in conformity with the 
culture pattern of a plains-dsYelliitg folk with n mora advanced typo of 
ngricukLiFD. 

As typical of Ltiis Coastal Culture we may [nenLlon tlie following 
tmib: A developed navigation; the pnicUva of holding Imiit races, with 
ita outgrnvith the dnigon-biiat festival; the use of hrv»[iHo dnuna 
clmiratror] in a way showing coniicctiun with tlmt rite; end t!io concept 
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of Ihc *IH Hvcrij'wl. A <if tho «{img fcstivuls cJiiu-ac- 

rt'ming ilii» rijIUirf* whu h ri'roiHniiy «»f wmlins: l,ljrt»iyU aUmiuiis (ft 

rito (ipintrcntly iuiBwnp.1 i’(i witli llis rlfu^'oii ctHM'uptjj (mil luyih-i* wliicU 
sjHMili 1*1 a (tnitfon-mnllu'T, who ftivefi l>irtli ly ilmiwiis. CliiscJ.v 
lo Uik ^roup of myths wins one wliwU liftd a “Moites" itmtif {ft iJiild ift 
oAKt ftwuy UIK 1 U Ihts wstotft irj n ohoal. i«nl iirowe op t.ci hwome a 
Tin'll! luiii ftltici jMirvivcd n fftuup <*{ my the of brothor*ni»d-sJStflr foar- 
rifti-o, und Ukowiw of n doluso. In lU- sJimo <:<*inplox ueidn arc otlmru. 
of mftriinjp? with ti dog (iti smiic with ft The dos 

seeme to hovo Itoen us ihe t aiicwior: lunl Wiero was alati 

ft frog Cult cc*nnMlod with a frcmidity niU. Straw tiiia|^ of iiop& wnru 
buried with liie dead, or wore tmod as clmnus in cost's of illness, .Miigi- 
oiiiii priests pluyod. an iinjairintit rolti* and wotiicn l<*ok « pari in cult 
imhI ritual prncijrcs winch would havo been finite imp<issiblii ui iJw 
Wtsstorn Ciilturi'. Uftys ami gtrU wiwo consecrated to ft divLuity or 
to ft sftored lumiiitaiu. cither aa ttctwtd aacriJkis or ft1 least with on 
iiccompftn.i’lng ftrohihitiun of morriaite. ElemcnU <*f ihia cii ture 
wcTO tlie w'orehipol seriventft, of sacred inouiitaina (tUo mll«r destmea 
to develop into liii|wrtnnl temple fosUvnisli end of eortaitv troea* 
Cm tlo wen* sacrificed mi oil ocoaeiona, iheir home Isung proftc-™ iia 
holy ohjocis. In some infti.iiiic'ea lliorv were hullhghta win i tor 
miiiiited in tlie itiimtdmiori ul llic defeated t*ull. Also ciistoiwiry •ft'afi 
tho JiolUiiig of wrestling malclus, pi'iluipft derived from the hn iiJitS' 
or ttt h!ftst cntmcrlod wiUi lUera; for the cotill«Uitit« won' niafks 
bt^tiring i\w hi^ms of foiihtv^ 

bones of tUo (tend woru given a second huriftl after the ift 

dccayeil from them, i’^irst-horn children were i»Kuetimes ktUe am 
eutca by their panuiU (on this pmctico see iho following paragraph). 
The bills were lliougUl to lio peopled by nmimiain apmta and one- 
lei^ged gobblbfti in contract to tho kleoa about fox spirits ppavnli-nt 

in the Nortbeni Culturt^. ^ ..... 

Young people, iHrliiips aftor having ulidmgonft a nto of mitiatton, 
were froo to selccl ihiur own muteA, instead'd having their niftrnugi'S 
arranged for tiiem by g<r.lHitwt!oiis; ilia ifiken of IwlroUuiJ was tlio 
exclvutigo of girfUes by the intoiTited pnrlios. Mtiniwgis were con- 
cludod at tho spruig and autiimn frstJV-ftlB. For soinc time tliturt'af^r 
the wifo esjutinuiKl to live with her porntita and tbofi! rt'ceivft visits 
fr<*iu hot Imsbaiul; ilurinp tlua iieriml she enjoywl gn^ftt- Imidom. 
After tlie birth of Uar first child, howovor, bIik went to live Mtli her 
liosband. to whom ahe was thorlcofortU expected to romniti true; 
miitii'iHeJ with tills cubIoiu, in nil probfthiUty, wuis tlic one just 
moniioiioil. <»f the slaying of the QraUhom child. &moaiiM». however, 
tixv hiiftbuiid wetil to live with Ilia family of his wife until lio had paid 
for bar by working for liar parotils. 

Clothuig fteomft to liftvo conaistod of Mam)w widtba of clnth, two 
of which were sewn togetlior with an opening at tiio sflfim through 
aiM«—*8—3T 
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whidi t U(t lifiad was ihrunl. TJiiffl origtiiBleii tliv fturfu-at form of llio 
scHodtlcd “kimono’' lypo of gnnnrnt, typical of all Ciuitem Ada, in 
uiorked t!ontniet to tho fitted and taiioretl dothinir found in llie 
ffortlicm und Weatorn Ctillurts. TliP loin doUi (the .Inpanoso 
fuBdiwfci) uLw ijorlmpe litloDirei to iLio CoMtnl Ciiltiirft; for it m still 
i»cra^onal)y to lie floeti in tiic- UJaml of ITiunon, where, liowovor, ii 
ecem« not to liave Iweo n very antiient faatnrOr Poadbly also back 
rloth was made, Tattooitig in varitnis po(.tornH, iicfliapa totcmic in 
naturo ‘ as also the staining of liie teoth blin k, weiio Uken-iae cttato]uai7< 
Another practice somotirnPB mentioned was that described os "drink¬ 
ing through thn noBo," Tliia is a apeciuJ wiiv of drinking certain 
atimtilanta by encfcmg timm ihniugti a lube ol aomn sort, by way of 
tiie nose, Batlung in riFOra v?na quite general, as was aleo Qie practice 
of pnnring warm wntcr ovet the boily (cf. tire latter piactiec in Japan). 
Cockfigliting was cbarflclcristie. An imporiurU ami was lh« erwss- 
bow, just aa tho SouUicm Culture ifl disungiiiihcd by Its ui» of puLtoned 
weapons. The horw; was cntiroly unknown, Walled towris, o^- 
uaily absent, appeared Inter, beyond much doubt as a fordgn lutruriou. 
In llioir place, conimunal houiscs u'cm tj'picaJ—long pdo dwvllinga 
heneatlt tvliose dovalcd floore wore kept tho domestic utiimajs. 
CultiFation auriiis to hnve been (Muried on in Gelds elflared by fine, with 
tho aid Ilf tlm dig^g-^tick and the spade; the latter of these imple¬ 
ments, hawTjvor, perliajis did not come into ufic until lator. In later 
times also rice-growing was ndoptoii from ibe Sontliem Culture by 
iliot of tho coast, throiigl) which it evietvluatly traveled tttiU fartiicr, 
evpu to ilapan. NotchOid altcks (tallus) arid knotted corda (qutpns) 
as Ttuiorut of nsconiing evcmia nr sendinpr messages rucoivcaucli frequent 
ini'ntioii tiuit tliov must Imve been typical of tliis Coastal Culturs. 
The ,yiiii wm* nA fpjniJiiM, tho tuoou ^ 

Thc> jiiwt «re obvicnijdy !ictiin>g<iiii£»ua tbiit, 

tJicry oaitnot pAseably ori^nute^ in nny one cuUuns. SurU a 
condition seynis most likely to htive been due to tlie niiJ|ieriwsltion of 
ilio rml Amtroncflirtn hearerrs of thia ctdinrOt in the hilly connliy ou 
tho ojup luuiil ii|Kin ihe li iiv the pbiiis on the other upon the 

of the SouLheni Cidture; fttiiu both of thefle they wonitl in 
(icuQ liaco jili«orbi!il ccrtniu t^ulturc^ deineota. Sotnetliijig of tld^ 
,4ort^ hE loaftti iippwtfs Elie mewt prolifible sotutltiii of Uie problem- 
Porhap*. liowrvori it wiU erenttiwlly uppeer f.htil must iwob in this 
opiificN-fion sdJJ enoth^r ecirjy eultuti^ip wlioia? vriy e.'ciflten(.*u wo nsi yet 
liurdly !iiJ3fKM?t. 

Thr euliro fitrijcttire^ in i&nif which X li^ve tricMi to oreefc b so fm 
loi n’gpji rtiiiim ijil one, i^ertaln to iiotul robulldinic nurying 

* fmfMm umh hw irt^ ^ m ttw uroamrtib w um mwj/mttA tn itw <■* 

al lb* TEw 4 fliL({liit 411ir^Rk tmueif Itit tn^ii liovD « IEuhW in cnon piLtdL 

FYim 1^4*1 HfflirW wifti# «hK}A"in«E {^r^iliii eiThhpIIwtv nutsiL wfaia rtwlain tm IImi in 

Ul «<t4Lllf lawillhw t]f iifliCf liiKitnJ PMIJIL 
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dll to completioD- Ilawevcr in it?? mmn oiitlmcs^ — i. thd lifting of 

hmh' cuiturct^owt of wHcli Uft3 dcvelopod ihd liintfiric‘:(il CJikn^jse 
—I fedl convin<^wi that it will sftund. TVliiit wi< liavd trioil 
to depict hrre lA tli* i^ijltural mliiatiDn wbirh itsisiiHl in CbixiA during 
ibo^ietiiing iik<> yeats bdfutxs our (25(Ki-S0l> B. Cd . mmi 
not anppoftd llitii fluring ih^ f^ariior part of llii* p^ticmI Uw mutual 
jntii'rfMsnetniiiion^ and tntcnniiigUng& of tlicM? nitrly were 

markfsd us tlioy licrfinnid farilicr along in the unmis pmocl^ to 
notiiing of still btor times. Matcriiil grithf‘ri.Hj fToni fbo lnltt*-r it 
sooms to tun quiio peniii^iblo tu tJfse in conne<'tion with our studj. 
jdrit'O It counts Erum just tliosn repona wliern the cultures had 
niil yet bewn w diMSply submniigotJ by ilu^ typo «f riviliyjiLion then 
f nr vailing in ilia Cliimssd atca propar,^ 

PART 3 

I aball isnw iry to ahuw liowp in my opinimi, out of tlio above darly 
rnlUiTea iberc d^YelutMTil the UUtoriral CbineiMf civiihr.aUtm, TUo proc^ 
es« m 1 depict I wisili to emplinjsizc, b so fur nothing mum than n 
ffO^rearbing hypothetb, Thd attempt lam-ever, alrcBdy hi^m 
mads to bring the mJierne T^'hich 1 have worked out by tliu aid of the 
early historical and archoologir^d nmteria! now available into ctin* 
fotmity wifli tho one drawn up fur the Farthor Indian iind thr tlccanic 
Cultutvd by Professor Ueine^ehiern. Shnidd the bittaFs theory 
prove eortwl — at least in ita genend oullhir^^ — Uisn we may expoet 
to ilnd an Clnneap. BOtl abo evidences of those early cultures that ho 
luis postulated. We Imve, m a rcaulL of our jmdimmary dtsfu^sioOfi. 
already rrntclit^ a bmttd agreement. Further lituunpts lei^ve been 
madfi—by Dr* Kimipf (Berlin) on the one hand and, along Bonie^hnl 
dilTerant line^, by On Oku (Vienna) on thn ntlier — Ui explain rlie 
development of dm Japanc^^ cidtaim. The result of such ptrliminfiiT 
dbeu^ioiu; has been, more^iver, to slioiv tluit in tlvis way far-multing 
eondiniiona imy l>e attained, 

I, Tlio eddfivt eiiUure that lim a"! yet htm rleatly dbtinguisiheil on 
Cldneiiie ejoil b the one cuIIihIi (tchw it* type-fstation, tlic \ ang Shao- 
With dib am grouj>e<i certain others, often very limired in orctu, per- 
hops in part ronttmipomrj’ wttJi it, w h+'tlinr ilioy he slightly carliiT or 
aiightJy later* Thb culture coittain^j in my opininii, fllt-mimb derived 
from the Western Culture; this, for instance, it is, perhaps, which ts 
rosponsibie for that unmbtakable wesCom jiisiatu; influence ybown by 
ita painted pottery. Possibly, mfleod, it will prove to have been the 
caw that tlieie had already setUed in the Ofdos regien Scrtliians or 
Mime EUcli fmoplPr ^'ho were lire carriere of thi*so eiemen^ In ihk 
event we diall have to supiiuH^ tiuit very early eKchnngOfl Uaik phme 

> A 14 nbb^ aw m ihi i Hkwi hm frqllaHil U ilrtA N hi wmm of tuuDiUitkQij 

jMt Jvr um* ItftvwKH wi U» iw ll» An*, f lUUt ^ HL p 84 uil lA Si 
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lliR Western Culture and Unit of tLe Scytlmus*. However, 
Slid] on early uppeiimuce of llm Seyttibu:^ in the iirea in queftUon Iie^ 
not yet been pmved.'* A second nsmpotipnt of the Yan^ Siao culture 
w to be found in tlio Nortberu Culture, from whid) it took ita pit 
dweliint^, its use of bone In tJio niorLUfeoturo of implcmenta, end (.Le 
common pray p<itt«iy decorated wiib cotvl or mat impre^iuiici. Still 
a iliirif source is to Im> found in tbe Soutlicrti Cuituni, from wlitcli caiuc 
rico prowing, already provcti for tlic YnngSIiao; to it wo may ftd<l also 
tlie aedentory motleof life. Wbetlicr tbe Boulliweatem Culture Uktv* 
wise idnyct) a part in the fumiatioii of tlie Yang SImti is not yof, rJetir; 
but in liny evotit it set'iiut not In bnTc mode its inlluence m etmiigty 
folt ufl that of tliD Olliers named. 

2, At sonimvherc about, the Biime time tJiat ihe Yaug Shao culture 
was taking shape in western Cliiim or only a vary UtLlo later, Uieto 
appeamd in whai. ia now the province of SlmuLuiig, in eastern f^lunu, 
ilie Lung Shan (sduietimi's culled Cb'finp Tztl Yai) culture, with ita 
cliontcteristic pottery of blairk eartJienware. This we dn luit ai* yet 
know veiy well; but we can say with iissuniuce that, in it likewise there 
appears a strong clemeni of Uie Marihem tlultnre- n stronger one, 
ttideisl, than tliat which wo Iiot* just ffttnid in the Ysnp Slmo. With 
tlib Ihcnj also appears on element deriyed from one or oihiir of the two 
soDtlierii cultures. That of Lung Slum in in any ease very inucli mixed, 
and is a direct lirsl step in the formation of the culture of flte Sliung 
people, which wo have now to consider. 

3. The SJiaiig ciiUure is tlu' oUlnst in China for which wo hiiTo os 
yel both huitorioal imd arrht^Iopical evidence, in thU also ia to 
i»e found ii uiarkiHl eleiuent of the N'orthem Cultiiru, just os we saw in 
Uiat of the Vang Shoo' but thhi seems to bo slowly lining its atreupLh 
among the .Shnnps. Far more powerful was the influoneo exortod hy 
fjio Sout.hcra Culture, witli its rice growing, its catt.lo hreeding, and 
its production of silk- Most dearly siguificionl in ihb eounecfiiuii is 
ilio iiidueoce wldeh haft been oxorteii hy the spintdi. For (Jisso Slintig 
piDphi, as the mocriptioiu wldch have hi-un diseoveretl testify, ul- 
Kiaily Hpoke a Jangiiopt, very similnr on tiio one hand to thal of the 
present-day t-hineso, while on the otJier it wtw most closely related^ 
afiiinig iho,Mo of nil these early ciiitui'es, t-o tlio speech o| Urn T‘fli 
peopli^. The sumo inscriptioas also speak of dans, whiwto rianies we 
mrognize ns thow; of ouna which oxisted, Ijit-iT on, in (he Ch'u kingdom 
pmvionsly mentioned. 

Sliarip sgriculliirul itiipkiiiients were pmlmhly of wooit, since none 
of their run mins have fhuH far been fuund. Uecent f.ltiijiese inve$tiga- 
tioiiH have, Imw-Rver, made it voiy prohwbUt that Iho Slumgs liad the 

" Tlu <|inO)inl ti< ibwefuiik, •IwUw n^7t4UATn nr uni. wnp tDl}» Riinvfimnii, MSI bs" hr 

Ifillnui^. VttwOiui or •»« ,V«mio in C U tnknii lui-i MituliraUar, JUrmu 

WUMI(]TWUe<lwi*l]tcl]]iMt],iiiiiuir4d,]H]«d<MaUar«u1U llLtMl-l-hin,lnn Ihnp.hnvnTw, Wiinil 
lutS* iqa>^ I" I'bhB. 
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two-polnUvJ spndfi (^(ifimcleristiot like tJie abovo-Diimod traits, of tfio 
Sfiutlifni CjIjIiutts, liiis ''f unploiiiftrit was lon^ njtainwl in 

Chinn imtil somoivKora arottnd the niiddlp oJ tliti first niUJpJi- 
niiim before otir enu thon? appcnred (hi’! piow', powdljly as n dovoLip’' 
Dioiit of the spado. The ilifficulfy about tills lust point lies onJj in 
this; that tlio plow stjeiiis first to liai'o bwii knciwn in westejm China, 
whore wc Jis yet hear nothing; of (Jio existeJico of nil itnplempnt of the 
spade iksa. I’ossiSdy this tiia)- inenn Uiat the plow lias hw-ii iuf.ro- 
dnmd into C hiun from nbrcMui. At all ovcmte lit soon spread throuf'h 
the nortJi tttnl then over tlio center and soiith of Chinn. TIig proseiieo 
of surviviiis atiioti^ Llip ngriciiltiiml jirticc9s<*s in mbo oven i.odjiy showa 
tliai \ ijeh inJhieni^e on the Sliang cultoro u ns ulao by qo nicans 
negliRtblo. Tiio many «)Wiy sheik, objeota of nxJthet^Cpnirl, and 
lioTiea of tlio whaJo that havo t>oijn found su^:ge«L I ha t tiie Shnnfv 
poopJo enrrieti on trudo wiUi tlio cast noriai, where, acconiiaii to tradi¬ 
tion , the Yaoh wen* already soatwl. The influiun-e of t he latter on the 
Shanp k, I lidsevo, likewise shown by the "kimono'* out iif their 
flotluiiy aOfl espeeiidly hy the style of the decoration found on 
their lirouxos. 

tinaily, this Sliang Cnltijro also contalnetl an oleiucnL derived from 
the ^Vestem Crdtuto, and which scejiia to biivo been {p'owin^ stmajjer 
with tho pnrance of limo. IVhiJo the Sitang reUeiim appearti to Imvc 
been at first only agrafkii in its oliamctor and sc to Iw exfdnnicd ns 
duo In the influfliiw of the Soiilhern Culture, the™ afipRflre in it loicr 
on 1 * worship of Bjicred moiiTit ain.'i wliidt may well lie secrihed to tbe 
1 fleli Otiltijre^ whilo tutor still wo can trace a ebango to aji astral typo 
of rtdigioji, hs indieatod by tin* inseriptiona on tho omolo Ixmes. For 
the latter, wo may now iissort witli confldonee, Liio Ixmcs of own were 
used at Gmt. We mus! infor, ihomfore, tlmt tlio tist^ of ebirkon boiiea 
(Uid still Inter of their ogjjs, for omoular purinKtcs, tvaa typical <if one or 
other of the soutlwm cultures, whother of that of the south itself or 
ttiiit of tlic const; and that, further, botW(Kin these oracles and tlioso 
drawn froju Llie liont's of tisen rliero exists sonic sort of conttoction. 
AsyoL, litiwcver, (ve artj nut well ennijgh infomicd as to tha nature of 
the call Jo sarrifire in use ojiioiig^ tho SlnitiRs to Uy to bHng its ox-lionc 
fyjJO nf oracle into direct rclationsliip with the ojt cull and the nx 
snenfice of the Ctiost Culture. Later, in pl«w, of ox Imwib, (ho Khells 
of tortoiBcs were enipfoyod by the Slianfjs. That the hiltor slionld 
thus litivocojiie to prefer lortoUis ahdts is only osplieable on tlie ground 
tlmt, as aUiied by later texts, they saw in the roundod upper ahcll 
(ojirnpacA) a^mthol of the vault of Heaven, and in tlio lint lower nno 
(plastron; tlir pari used in ccmsiiltUi|; tho orado) dial of the plain of 
Earth. 'I'huit already we Jhid hero evidfliico of astiolopEpjJ spwni lit lions 
likfl diose wliicit hocnjno espedally omispicimtis later oti, in die ^■t^Iture 
of tho C’liou people (to ho oonstdiired lotcr), under tho sdniulus of tho 
prodoniinanily nstral religion of tho latter. This wo <‘.m linnljy oxidnin 
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other?tiiw> tbaii es duo tfl tiic mlliiiuicc <tf Uh* ndiffioa nf tiie W^estcrn 
CiiUmo, dflfinitply oaUnJ in filinmcter. A* Htf (cxto rc|»MfNily dc- 
tho greatest eitwnics of the Slumgs irfim a people who dwoU just 
to tlia west of them (ind who wore known (ts the Chinngs. llilfi rnmie 
was lliflt [ator Applied to tho Tanguta and Uiua suggeats that ito orig¬ 
inal boarera bolongod to our Sou iliwestern Cu Uure- Today, th auks to 
andieologicul excarations and the inscriptions which those have 
yielded^ we are- able to state Uio appronninte extent of the Shang Hng* 
dom and ita associateil culture. These occupied only a comparatively 
small area, comprised in aoutUerr* Hopei], northorn and eastern Homui, 
and western Shnntiing. The Cbiangs, tbougli. os we have jiwt seen, 
thev l>elortged to the Southwestern CnlturCi must at that time still 
have extended eastward as far as poitiona of Honan, This conclusion 
hi by no as abstiixl os jniglii ut limt 

4h Let w now gldiicro ot wimt bod bcon going on in tho monjitiiTio 
in wr-Bl. Tbiir^, nfl^x Uio diflflpp£' 4 Wiuioe of Llie Yiuig Sbau Culture^ 
the I'nrkic sUKrfep li^^ktors^ of tho Wr®tern Culture, bad b^rn coming 
more ftnd inure prommonLly inUi th^^ fonigroiind^ prehidjly l^MTAMe 
fb^'j thcmsiiivefl were in turn bdiig (mril p^^^^3s^^ by thAt northorti 
neiglihors. Tho lutt^sr wo cjui now eonfidenily tab ScsylUians. The 
cultural ch&ngM which followed tho tlisappeorimec of the Yang SIukj 
C ulture Bjfl unformnarcly bard to bitorpret in the light nl such scanty 
iircli^ologic&l feviclfljice ns wo thiy^ far have. We mtiat^ Jiowevor, think 
of a alow treniution as gumg iui dining tho brom;e agOt through ilio oon- 
tinuoiis R^tinn of leng-laating utid widely spreading w^wtcni Eurepoon 
indiienccai. The bringem of oecidf?3ital <njlLure fOciaeiits 

must have wiandcrf!d ciiatwonl and tlim iiitAnningtcd frctdy wih the 
jjos^-ssorB of the Sowtliwcstem Culture. As a result of such inter- 
mingling^ (alfcctod ooiuewiiat by oven carliei’ liuf. wcukly fdt mtrnsjonii 
from lhi> Southern Culture) * tiiore was formod a neiv Weatem Culture^ 
that of the Clioiifi. The vocabularj^" of laitar^ according to cTiilcnoe 
presented by recent CltiueBc in vestigationfi^ contained a Turkic olcmcnl. 
The Chous it was who bmught with them into China mi naind type o( 
religion and the idea of alroiigly ccnEralixc^l chief t-Altudiips, Acound 
IlKlO Cr they succeeded in aiibduing tiia Stiang kingdom and lU 
cukurtv The Jattofi atrongl}^ agrarian in character and with n wcU- 
tnarked dovclopniant of handicrafts but wdiTch had already long been 
urhaniml, waa in consoQuraice deeply overlaid by tlio culture tluis 
hreught with them by the Ohous. llicse hud a sth.mg irarlitJon ef 
paatorid nrunadh^inp nlthougli heforo their ennepust of Iha Shimgs they 
had hccome ugricultumte themaclvea and only retained the memory 
of having ruice been a postoral people. They found ihemselvcs fnreed 
to adopt much of tho Shang driliajaUon. For example, they took over 
the Shatip aystcjn of w'riting witli hut few moiiilicattonSf oad wore in 
coneequonce CfJinpollMl slowly to abandon dio very liinireago that tbny 
spoke They likewise took over tlie Shang brunze teclinu|ue, t4> 
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g«Lhcir with it& ^tylo of nmamontAtioii. lo djurt* tti^^r bon^wod 
nofiriy nil tho fentnrois of t.bfi Shong civihza-tion. It unt tmtil 
kubout iho nuddto of the first nuilGuni^uii beforo our orii thut thej Wgaii 
to lay flfliflc tiie Shimg eulium inaii^ in fiivor of tJjoir own. 

Tlid^" luul begun this |vroeess of culture borrowing long; before tfiour 
conquest of the SLany; kitigdom; md Uiey cmlmueil it tor aoveml 
emturioa ihort’ulter^ in its course tJioy had fullowod u procednnt 
often eccn tn thci attb|MgtitJou of m n^nian cultiiro by & prodoiiii* 
uuntly pfistoml imd nonind ono; timt is lo wyi the CkouSi as oan^ 
quoror^i bcoarue a nding ehuki. In bringing this about, they hud 
aetth*d groii^js of their own people at points of etFaiegte importance nil 
through the country, to frovern tho tow or class* composed of the Shong 
pcopio who occiipiod the region. There thus grew^ up aa ii chjttracter- 
istie of the Chou culture o feudal ay^tcui—ilio only onCj in the oir- 
cumatance^^ by wliich a numertuia conquered poopte could ba held in 
eiihjectlan. Tlie nature of this feudiii flyEtcm and the way in which it 
unpj^ai upon the old agrarijui culture of thn Shanga oxplain iileo 
itu) fonciwing flint. As we learn from the taxta again, in tho firal 
millennium the poputation which couBidered itself t\s 
vizi tbu rrding group of tho Chous and that part of the conquered 
olcment wduch bad come into the closest contact with the iattatj woa 
sparsely distributed, in widely sopumted aottleziionta and city states, 
over a region other wise pooplod by folk whom they dislingiiiabed as 
^^barhariaiTs'^ and who bclongod to tho old ngrarimi cuUuro. Oabdda 
the territory under Chou contrcil, again, were still other (i^ples who 
boJonged Vo pna or another of tlio eerher cultures* 'nussp, In the first 
millennium B. C« nt ah ormitSi orcupieil scattert^ enclaves dirDUglmut 
the entire region imder diecusaion.^^ Further significant of this con¬ 
dition ts the fact that not until around the seventh centuiy B* C. di^l 
the distinction between "Cldneso^* and ^'barbiiriims*^ appear. By 
that time, as n cuueequenee of thig imposition of the Chou ouituro 
upon that id Uic iihaugs, iJu-n^ Itad begun to dovelop a dvilmilton 
wliidi ive Euiiy cull Cbincso and who^ posae^ra hud begun Vo feel 
bring coiucJiiHv rlirTereut and t^upc-rior to ttwU'imiglibfSiw, 
to* wJiom tlicy bad iti reality origintilly been so do^oly jpclatcd. During 
i^hang tunes tlio neighboring peoples had Ikh^d denoted by a word 
which moant something like **lajid^^ or ^^rejpon^^ and wliich only later 
took on tlio siguificitnpc of "IjarbiiriunJ" 

*njo ahovonh^soribod fundiuuDntoi Jilferences between Ute Chou and 
the Sliiuig cidtures uLso explain ilie t^Kuologiad ccuttraata between die 
iw^o. In thiU of tlia Sliangs, preilfuninanLly agficulturtil m nature ami 
hence basically ilUed to Ilia Southern Culture, there had becJi aa in 
all agrarimi ciiHufi^s w ilh au organiaatipn of Email peasant bnldinga 
instead of great landed estates, no nece^fsity for hIuto labor, lii its 
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jiliicfl^ liOwB^pr* flucli ciiihuroa luivo uUm iliminTidf^l Ini^ riiiiiil>tfj^ i^f 
III mi If n ™ Lilli B ftvf sac^Kfii^o ui ^:iiniiOiititni ivilk rilwi. To 

ibis ffict. wc may tbt? frc/|ucinc3r tvf liiimrm aafrifivM 

ami thi* ahaonco o( alavfl n\miiig ajid skvi^ labor duriir^ SImiifr times, 
Aloniir vitHtb this (and hero we uri* i^iniiubnl of wliot ha& Iwea fluid iii 
c^nriGctioii with tlie Soiithem nii<l the Coasl^iJ C'nlturtifl) wL?nt the 
esifllaiLCt!' of a jiric^tly ctiAto of great ^Hiiivor and iiii|}orLaTieo. 

hi contrast to nil this wo timy wot tho luok^ among tho Chous as 
aittong so many Dasioral of rito^ accoEipanioil by litinnm 

fluerifi<u^p thalr jdnee being taken by grout offerings of aniujHk, Tlie 
ChoiiBf jifi a |i 4 ?t>pIo with n tmtiiiion of pawtornlkm* moy w^oll luive 
miulo iL&c of slaves nriginnlly ffir watehitig tUeir Hocks and lirnxls. 
They had moreover a keen appreciation»ucqinn?<l in the courBoof ilirir 
w'andering mode of life, of the advantages irdicronl m n djscipUneil 
yoverrkincnt. Uuneo they ue^hI thriir cii|itjvfigr of wuf not as tiiiinnti 
aacrifii'es but he wit van Is, SinecT Iiowever, Uicy liiid iilr^nifly pveii up 
tlieir rii]ab>rid iH'onuiiiy before tbeir coiopn^t of tiie Sbang kiiigdoni 
but had nntj un ihc oilier band, gozio on lo duvelop cnie of great liiitdcd 
OBtaios, uud had but Utrlo knowlixlg^ of lund ituimigcment, they left 
the latter to tlicir BiibjcctB, Such slaves na they !iad they ojiiployed 
merely for watelung and other suniinr services—a dear remembrance 
of dieir original mtuuiGr of nsmg slaves during their fomicr pastoral 
life,** This iiistnnee will perhaps suffice ten show^ how our neu' workmg- 
hypE>lhesJE niny l>a used m the srihition of particular prtnhleitiiSj ami 
how by it<^ nsi^ wi- may reatdt a idcarer imderataufling of many phenom¬ 
ena. Wii niuj clIs<i draw an infemiiee of a ocimowhat rihtiilar florl from 
tbe fact that the Shungn encririct!^! in teiiiph^, hut the Cixons on the 
Ollier band in the open air-amither t^ignitleant cultural rlfelinetioii, 
As OE ohjection to our thcoiy tJiat tiie f'hin<»o civiliRoiioti grow 
up out id Llje mtcnacljon of viLriuiis local cuitiires^ it may Ito urgivl 
Lhul In ilie Orwt miliannitiui C. the art of the on lire Cliiiifiwo iittm 
was nbviouf^ly anltarm in style, I'liis Ls, hiF^ evcr, nut fyadaiiieniaL 
II can Im shown that tfir callings of fiertahi families wu’m avttir.iBcil over 
wide areas and ilnnng foiig perioflij of tiina in nrctu’ihiiice with la^redi’' 
inry tradition^. For instance^ tliere wtill Itved in Lo-ynng us biU^ iuh 
tJie fif ih ceil til ry A. D- a group of iwitlcni. wd\o elaimcd dewuiit from the 
nncioTit Shang poptilnliciti and who thue socm to have liceii carrying un 
a piorticular crafi. for siiiiKi I pMO yeara. \Vu uhto find ruferenecs i 4 > the 
I'^Lciiico of faiiiilJes of bmns'e costers; tlu^ria Bnggei^t that^ E|Mi4ikjiig 
generally, limn^u vessels wen* in all jirobahiliiy iiiiidc hy individuals 
or ffttuilii* IVUh whom the wit& an iiilieritiHi tniditjon. Mar- 

ticnlar pici^es, <ibviiiiiP 5 .Iy fimvinrial in origin, will have to l»c explained 
08 tlie work of local faniiti£wi. 


Tl« f4 in ^coblrr^ljr ttirl iMtIi lA 11*0 Inra raltinii iIUIot nn3iinili*l hrwr lit# 

«ban-nHR{liffi«| Unmim of tl*^ Blarmp^, It to * iffirtlr* bj U mufcia uukiHPUCL fcWdMf tTWluffcl 
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In the ubiive histnrifitil 8koti:;h we have Qmitted any rfiferajce to a 
llfiiti E^yna^ty or u FTtfiii Ciihurc-. Tliis wg havo done dolibenLUily. 
Knr everythhiu wg Imve in (lie way of relcniccMs to that dynasty 
Li m pm-t fio and c|neatioimhle. in piirt au geiiord and fso devoid 

or elUiaduffieivI Aipnifliimiee (ainco we ejuniot work with purfsly jaditieul 
tjint U does not allow hr to draw a picinm of a i tsb Cul¬ 
ture. Kxravutifinfi carried on ut ;ill<^ed Ui imva hecui ou^npied hy 
ti ]0 imirienl [Isiiis (in tionihweBtera Shansi)- liavo su for hmugbt to 
light only remains of the Xeolithie rcriod. Hence wo do net bnow 
whedier thorn was in reality u Ilsiii Cult Eire at ii.IL If thare 
liowovett ii% center^ accor\]ing to our wtnking Itypotlush** must have 
been nt iht loeal ptilfit wliejo tlie Noriljpnij tijo Wisateru, and the 
So 11 then I Cul turves civme fogoUior^ It woidd Ihua have diXTered from 
the Luuir ^han atui tho Shang CulLures in Uie nlwuce of luiy demeni 
duriveil frenu the S^iuthwiestfirfi Cuituro. A\l Uib is, Uow^cveri m fer 
purely speculative, and his^ uo raid hiL^U in awsrlaiueil fact. We 
shall ha\^e fo aw^mt new rJiBiuiFeriKi beforo we can form tuiy conclusions 
ill rcgiml to a Haia CuitTira. For tbu prescuL^ any atlempt to dinciuiis 
it would bo [iraiuntiins. 

PART 3 

in iho \4cvv presented here, then, the civUi^tion wMch wo call 
*^C]!hiueflc'* has not been deYolopcd from any ^inglo aource hut lias 
die prodiiei of u mixtura and umon of aeveml qiiito disLuiet early local 
cultuma, 'lliat i>f Llio Sliaiigs^ which we may safely term prohi- 
Chuieso, took fonii in ilm n^on wliere the NorilimJi tliii Seuthonn 
anil die ConaUj fhjliijres all met, it win* linally i>%*erlaid hy the in- 
miHivfi Chon CuUtire, wliieh iu its turn onginated: at the point whore 
the We^Uinn Northerly tu^d StmtliwestiTii Cultures iiiipiTiged on one 
anuthiyr. In tlifcs way there came into b<^ing tlio Chinese civili^tktu 
properly soH-iiUed, wilh alt t.lioae du^tuiguifihiiig clLUrdcteristics whieh 
it iK'ors even lo UiU duy. 

Our study iniuiy questhuia into whirh wq have not gone at 

alL For instance, wo have niflde no eirutt Ui decide lo which one of 
the 4?arly cuUun^ we moat imctilw tho %'ariiuiy fomia of stone hatchets 
found on C^hmosm Neolithic sites. iVeiiher have we so much oa mea- 
tinrie<) the es^tent to wdiieti the art of the Vueh Culture may have in- 
Ihieucoil the deeurativo style found im tho Shang t}ynaaty I>ii.m3£eti« 
Nor liavo wo raised the qucslioii os tci- which of tl^e^o early cultures is te 
bo ntirihiiied Uia [iractico ^if mother-right on the (Uic haad and uf 
father-right im the dIIirt. All such w'e ahall ttave h.i omii. In 

tny opiniofi, however, oiir study haa alremly bnmght nut enough lx» 
Aovt that tlu>?a cultures w^oro Uiemselvc^a in rio seme unitUTy si.nic- 
lures. Not until wo have adrlituinid c%idciic« can we, in my t^olief, 
ascribe U> one of tlxom the custom of tinolher-rigbL aitd deny it. i/i an¬ 
other. It seems to me IbuL such do tails will veiy^ probably boi'ome 
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cloar to 0 $ in thi* Hghl nf furtbift sttid}'. F<ir ttie present 1 think it 
hotter to postpone otir invoBtlgattone iti Riirli iipcrtalixetl ^elUs, Fint 
of nil wc must clcftrly detotmitio the nsturo of llie ewly eultures ami 
fl alto ft them moro o?f)u;tly than wo have yet been able to <h>. Until 
then, we should not tty to deal with these further questions, important 
though tlipir 9 >lutiou iiu(h.iui>tt)dly bs- Before wo iitidortoke to do so, 
we must leani Ibo truo natum of the origmal relationship among the 
Auetroasiatir, the Austronettiait, the Tilieto-Burnwut, and the Sino-T^ei 
groups of latiguagw. Then only aljall we l»e in a pontUon to proceed 
furtJior with our study. 

Should Uie working-hypotiirses Buggestwl hcfti hold good, they will 
ftlnp provide us with a mothod of drawing fresh deduoUons ns to the 
early othnology of Ftirther India and Endoncsia. TJtWf dedurtions 
wrill rest upon a foundation atmilnr to thnt oHordcd by the hypothesis 
witinh Professor lleino-OoldeiTi lins alreiiiJy sought to establish. TEioy 
will likewise give us a now picture of early Japan. According to the 
old theory, tlie oTigin of the Japanese [K'Oplo was to he e^ptuiniul oa 
the rositit of a fusion of Timgus from the north, of Aitiu of uiicertam 
ofiinitieti, and of Malays from liie isoiiUi, But now inveeligatione 
seem to have made it clear that the Joponcao culture was already 
in cxistenee before the iKiriod of the Malayan wondorings had rom- 
mcneod. The Malayan tbooiy has weaknesses in several other 
respects also. It would seem, indeed, Uiat tbs queation migbi bo 
far Iwlter e)cplain«l if in place of tlio Midojia wo were to put the 
Tttoli people. For iJib features which, in both culture luul in laugiiugc, 
have bean regarded oa "Malayan” fteeiij ritthcr (o indicato the prcscnci^ 
in Japan of iiifluences rmonaling from tho Yfleli CuUuric, Kor can 
tho Tungus tlicoiy be any longer pormitbed to stand. 

Further discussion of such pointfi as tho foregoing would, howuvor, 
l>c outmde the scope of our present inquiry. I hope, in tho coujr^ of 
a cooperative stuc^ which is to bo under taken togetlier with a group 
of spccialiata, to reach a satisfactory exphuiation of ouch questions 
and to obtain for Japan and FArther India also workin|'''h>’poilu«eca in 
harmony with the one which Hiave sol forili above in nsjiect to China. 

Filially, tlie question gP^s mucli furtlicr, for it poses prohioms 
mucli more far rrarhing still. Of ttirsia, rmo is tlint miso«l by the 
exisUmoe of numerous parallola hot wood the Contral American dviliza* 
Uona on the one hand and l.hose of oasuyu Asia and Farther Ijidia 
oti Uiir <»tiuy. Tliere lins nlroady appeared a w hole group o! Americuu 
r.ulture-€d(!mrntB which may have rear hod Amurica partly fro m the 
nnrtliorn {mrtuma of Ute Ariatio enntiiicnt and (uirtly Uirough direct 
contacts with tile CKitiese cojujl. All such fcattirea nmst in any case 
be constdored from the point of viow which we have been discussing. 
Their study, tlms undertokon, seems likely to lead to results of very 
great inqtortouee. 


ORIGIN AND EARLY DIFFUSION OF THE TILYCTION 

FIjOW* * 


By Gjju* VfmTmu Bianop 
l^mr CriliiiT^ 0f Arf^ ajAm^Jxm 


IWlth 4 plfttcaj 

Tlio cfirlier offorte of lanxikmd to cin. abumkiioo of food coix- 

sisted Inrgoly in Lh*) porfcimiBuco of niopcal BorraioEkiefl^ fnnijiifjiitly 
otgioAtic in olmrnctor* It is Bomotimeo forgotten Hint midi metlnidEp 
6von jiftor rcpjkr ctultivation had come heingp Iniig coDtinuod to 
sarrivct in cloeo asaiKiatiun witl^ wbut wo Rtioiild coarackj' more 
nittonal profn^luitJ®, Yot tim h a ftiOt wdiidi vfo need to keep steadily 
m mind wdiilo ktj to work out tlie onrJ j itiatoty of tha tmctkin plow* 
widdi lien* refers to plows drawn !by animaki ospeeiaUy those of the 
ox-kinci 

Certuin members of the (;onus PeeriiWM:—tlio aullets—aeom to 
liovo been the tot ceroiib acititdly cnltivatcHL ThctJ^^i grow^n wiih 
tlio aid of Uie hoe and tlio dig:ging^iick under tlie jAiim system of 
tillpga^ hiu! spreiul over u lar^e pari of the Eafitem Hieiulaphere ticforc 
tile of Neotilhie timea. Under iliia fyatem, Bmuil plots of ground 
are often with Ltie aid of nru ihoii tilled for 2 or 3 

yenfB until tlieii fertility lias been extianatedf when they ora abandoned. 

It w^iiiS not| howwerj the prowling of jnillot but rallier that of whc?ot 
imd barley whidi beciime o&iociatod wiiti Llie dovokipiiJGDt and dif* 
Imion of tmo ngriculturo^ The first stops in Uiis process hud iilroady 
lioen taken long hoforo Uto dawm of hkton'^poaaibly even heforo the 
end of tlio Epitftijiaooliihir period,* Hand hi hand with the groater 
HtnbiUr^iion tJms graduiiliy brotighi nbcuii in tlie fiMid supply iJirre 
w^out e ix^rrespondlng htormoo of otfioicney in tbe instrumoDts vtm* 
ployed in iLs production. (H these, the hoe and tlie pick have never 
undergone improvoinent buvq in mattem of detail; in principle they 
rt!maiti today wdiut tliey were in preliistoric times. To re^^d either 
of Qieni us rfiVedfly linccstjrid to the pksw is to be misled by superficial 
rcaemblanees in nmieaaentkk.^ Fur exomptCr the hoe lnjtndlo ran 

pAnnh^u litim AnUtlyitf. ItHh 

L £. CtdX, ua Olid mWi Ul i ^ll li lnfv p, ft im 

* In Uw lUttm So^ lli^FnlAdM Aii4lI^tUlM N4nt Sopiitaa miHtf CC3ttT«i,j4^ ft tsvM^ a WV 

Mil tUM llw mtlm rtipUui hxm OiOh Uiifnbm ihAcuiU^ pVjn ^hdm 4 a Mm Oitf <04*. 

a«rttw>U tauter (JwK tfit OG hhI hml tMT fl^iaiiotiuDf HAil ViilMiauiac^ 4 |h I'INbm, P< A 
«da| imCe S') iHTib J4fVii Uii bem Mid LIh pterv u pnwwinq dUticrbAl hblorlH. 
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scarc4ily have huen tliti origin oi tJut pluw-livJMJi; fot the hittf as \v*\ 
sliiill fi^e, appcfiis to have licon nhmit in the eitriter plowe, itd pkce 
t>emg taken by a mpe. 

It was fpiiie oHicrwiso w ith rlisit iirchaic inttitenu-nt, ilnj diKdiii^r 
stick, 'riiis ill Lime tlevelo[KH! IjiIo ihe fiM’jL-iiloiv^ whicJj assumed a 
variety of format viLltei- eurvi^d or Ixnit iil im obtuse^ utuI 

W’lthrt w hidi I he ciillh^tor writhbis fiHJt* 

lV>i;£ili}y the *^sliiio-!iist I'vlts,” dianicieristie the CciH.nd Eiin^Hran 
eiihun: known ils llaiitibiiin wt^re in ine^taneee ar kosi thu 

^tiiiix^E? of in-eliifcrtni'ie ftnn ■ plow if/ In p.>-^ioji3 hs fav apart as Irelanfii 
China* niicl even rcni^ mm iiring inipleiiients of this class have worksi] 
III ulit'<!3iet, w ttikijji; baekv^ jinlj Lkeir belief boinix that in tlik way 

ilwy Lftii laM^oiiiplisli rnuuli mow Uian when ocUtig iiKlu|H!driilJy/ 
SiicU irnTtruinejiis tun sliil itniployvd in parts of tJic Et iLisli falisH, *lii 3 

Stidan, this Fat niid ebeiviierv, 

\ fLinher atep in the direction ol mor^i effective tiUiip^ wtis the 
applicarioii of the principJv nf triictinn. By lids mciinxh ivliile one 
iinllvidiiat piisJieil (he iiiipkifiieni^ one or iitom oLbors ptjUcJ it W"ith 
eoi'dfi,* Tins practice liknulae attained a vviilc i|t!^irihali(nn li 
ap^Muiiv; ti> Jiure r.,Tifltetl nf one time or iiiinLlier in nearly uvery part 
of tlir iKiith tciii[H!ral4^ zjinc id ihe OUl Wnrlct PtThni>s certain largfe 
Iruf :jha[Kn1 fcinitc iiiijdi lucnt^ found in northcni China wena the ^Imres 
of such |iriiii|cive nLaTj'ilj-uvr]i plows.*^ Instruments oiicratoil cm (his 
priianple were used until hitety io parts nf Kurojw; anil they sfUJ 
survive in dismnfiiiuous ami usually tiackw^ard areas hmu Xortli 
Africa and South Anibhi right ti> (he witrt, of A.Hhi, 

TIiGsubi^lituthni of anuiijii for human powder rniirkod tlie tixial stop in 
tlic cvolutioTi of th& truo traction p!nw. *I1iis chiuigo seeius most 
likely to have !>een initiauxl through the opeoitinii of ideas w'liich \\t 
(diotild conMiilei' iho ruvomeof iitilitnriun, but wdiich to earlier peoples 
HcemiMi ratinunl eimugh* 

'Huit (he hull and the row Jiiive oflcn tve^ui r^^ariltMl m embodi* 
inoiits ntid oven oh gnils of fertility is w'ull known. Such beliefs seem 
to have been more capcdully premJent vn thewo lands w here wlioat tuid 
hurley w'«'rc cultivated in antif^nity. It wm pcrhat>i* tJi* w bh in enlist 
the magic at fertilizing furtro believed to iiihero m (Jio ox-kitid rather 

■ nillilfl, V. ilnTijqav Thi il 4 wn 'if Hliltntiffli, J7l IDS}; rf. IPwLiwcrlit ll^. TT. 

|L lihi HJIUI iilLtlliV. Tlit PAlllilw tn p^illij|jilf7. an ix ll£ttL 

^ rvit ■ntfnHTttt iltt iVrarkniMniUi iM OcuA, o. r^^iiaw ijrftaiif-un ta Aim. wuinta- 
tT.tiiiflii Zuit^ I H0 l |»r. Wt-OlL IWU In tkw t#r I bf| OfIkli^ uUtLllMiiF ol llw liu^dlA Us ffurr-- 

U Imr* tfii^^twl Into ikmfh AuKrti^ hjr itm BVnidMliv h hiH* wm Uw 
retw wilh IIm ICiHlFr 

Fcif tfcviJiivr Urt IfUtj luliJJi Ihiliq (toucli Ic^lvtfri t* Of K, L'^nrwim. Thu 

imwillrt iu vcnup vomici ili« ak««i| rbhUw fa aftm nwnlleiDRl m tMr hooltc liaWmOlnni 

i»D«nLLn?? lO nl4ill^^fpl McTOaJ 1 hdr« Lw UiulIc Ut A- W, lluminik ^ »« UXimf uf f mhttm 
mlOTTT^iifiiM ha 1 h* fbiU mantm m f ui* n tl» nwlii of niliiir tin mi'Oa !■ hillf Ip I P» 

hy O. P fTufllt cOtfl thoTi- 

■ W it£i4l. W &a., RiL'mMlB Ttf lalk prr i t aA o^ iXmrn, hT U L. ^ili^. mMlBtnn, |v *rt, 

■ IdkHli, E., CoUKtmM Uu Mtoit nwi lio t)«. •»!. U p-^ l-L OU- 
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tUdii io eircurv tiie uid of tliiiir ptiy^iou! ^trciiigtb w'bich led to their 
odAociutioji with the cipcnitioms of uarly ngriculturc. On Egyptian 
reliefs both hulb tuiJ tioWB iite ee^ timployed m tmcticn, and tliey ara 
still m uscnI in nnuiy IfUidb* Tlio tiso of the ojc cfMjld only have been a 
later development. Caatratitm, of bulls m well m of men, probably 
orijonated as n feature of those fertility" rnlta ^ common in 

tlis anelent Near Eitidt; it symltoltyjSij u dedidatury aacnlico—a specif^ 
of ritualistic synocdoidio. Only after the practice bad beconte esUb- 


FffltfM I.‘-lUvpitunrlin iipftn4:Tifl4l«0^ Pm [Ibifl^kiavf lb? ptDW |nw IP Pu H*-u#itlAODTtfT 

l>baut Jkr. I>. IIOH. rthi sm UmIIc&Ih] tmt dornky «laddNi ir^iiL ihat iu uttikb ImidJ id ifElMiaH I* 

mmf Utmm bicpsiftsl giibaf p—lauifl oH, mmtg. ibn^ IbniaHi wtsmt, uk] Pm -inr-tiiuOM. 

Ibihcd could mea liuvo tcunicd thut sjiimak tliuB trc^tc<i Ar& thereSjy 
rcitdurod more docilo,*' 

Ttio plow itdolf liui> tirtco been rugnrdcd il& a lUnet gift ftotu tUo 
gods, Tlu) Egyptians (locribcd its origin to Osim, tiiv gresst patwn 
of ugriuulturc, wiijJo Utc Vudio Iniliiuis belicvnil tlmt tbe Afvins lind 
tunglit its uso to miuikind. In Grcsica its invention whs rariousiy 
ttiipijlnd'—to Zstta nr Dionyaus, to PuUtts or Demetof. In Chinn its 
origin ciUDo to bp nttrihiitod imth toSb^o-nnng, liie "Divinfl [insHeuiil. 
man," and to a (mythical) grandson of Hon Chi, "Ruler of tlm Millet/' 
This intiiimte coimoction of tho ox-dmwn plow with mligioos 
idoology suggeatA the cjuoiy wlmthor it was not itaolf ftctimlly of prii«Uy 

«Th^ a mS rfbi;3i»Dii b>> tit , a Mihi. 
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iind emidoyol in the proiluuljdii of saortKl orap^, dcstiuod 
for ccrciuioniul uaos, Eiiiuiiplo& of nrens sot Aside for such a purpose 
arc Ltio llhArian tor BAma) riotu nusr Eleusie, dodioAtod to Dvnietor, 
and tlip Snored Field co-reiiionlolly til I mi error)' spritr^ hy tlic Cl jin can 
amperum. Mosopotoinijut eyUnder settls rlisplay the plow'Mmn gurbed 
ns tk pricsi; or tlioy mIiow the plow in tmooUtioii with Oistiiil irrmhoU 
or Lcing offered to n seated god or goddess rrf agrieulttiro (Ggs. 2-3 )< 
jigain. D. Cyiiiioto cloy uiodd of ii {dowTog soenu from tho Enrly 



irigbu £.^uisnHu p|i>ii!i tLliCHi|.!Ai:019- C. lAnar Wifiilp U 



rifiDu ^ - 4 £i(MI iptnwioc v«am. fxfhr Iffimv fl**! (CTiJf4iii, it- No, 

durijiji lliird miitl^iuiiiim B, C., tlio plow 

mih tlha&0 flulU M Clae Divine MnUier suid the Siicimt Bull otw^ w 
widely dilFimed over thtt Near EiusL* in many londe^ too, tlio initinl 
plowing of dm ymt has been a re%ions obfiervanco eon- 

ditctod in potion by & pjieaUy rider; such, for was the e^^so 

in OiiTta untiJ ieae than a genemdon ago. 

The e&rUodt method of attaching cattle to tlto plow noefnA to Imvo 
by m Bans uf rap4±^ mAde fsiit to thtdr iionui—dm latter thcmsol vc% 

■ IfluaiJ, l^Q4tdba Knwii, |«1L p. liSiL, wid iitii, Nu- tSK, AJmu^ int 

of Cnm >ill£j lb# mn l rt ti us l Af Anhat^, Attpa. Bmptm. ^ Ok.!» 
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mRp:iwJ syiiibola of ereiit potency; both yoke mid plaw-hcnm appear 
to have been later tloveiopiuciits. No doubt buman and anium l 
tractiou were miiploytHl in csonjunctiou for o time. Thk emidniiiyl 
to bo the ease in eeromomal tm titm hi Bferpt iluw-p to late dyniwtie 
Ummr end it is still tjie iirnoliee in ceriatti liockward regions/ Only 
thrntigh exporiwice etnJd men havn dkcovemJ tliat> under proper 
giiidaiicep o^eii maybe imineti to liraw ihoplow unnidocl. 

We are m yet scamily in n pedtion to dot^mine just when ami 
wJiDre the tmctloti plow oppennsd. That iu ovotiitioii si ion Id 
have oecurrod mdopondcTitiy in more Lhiui one area h improbable iti 
the c^ctretae; for it inrolves llio coordination of far too tnany eiitinra 
elements^ Xforoover oil the avaitftblo hktorical evidonee is opposed to 
&ueh a view. Once Lho idea of uaing arihnak for dmwinir tlio plow 
liad tioen graspetlp liow'aver, ita ^'culnr advmititge^ n^umoil increas¬ 
ingly greaLer prepoiidomneo over its religion aspeeb^^ and Its wide 
diffu-HJon beeanfzn jncTtiablo. In many landsi in phiee of aesit- 
oiated writlt tUe intrortnctloti of any given fono of plow^ animal traction 
seems often to have been adapted to aln^y ejdstuig agrlcultura] 
implenionte of dther the foot plow or the nian-ilmwn type. 

Hccetifly it has licen daimod that norr.lieru l^urope—more epecif- 
Lcally^ the Nortlio proviiieo—was the birthplace of the imetion plow. 
Thk daini wo shah lUscuss later. Qrodil fivr its vaiiii^u has abo been 
pmpotied for the rolleps liotli of the Nile end of the Eupbruts. 
Poeaibly ita evolution actually began in Upper or North 

Syria during late prohisturit] ttmoSj when tliose re^^ms joyed a 
greater rahifaU than they do today/'* The ahundnnoe of remnine of 
human habilataon m many part^ of tlK^ Near East wiiich are now arid 
pro^'ce that at wo very dktAnt date* ge<ibgicelly speakingp that jvgiou 
pcm 4 s^ 0 (i a far higbor degree of humidity thtm now\ 

The fir^t irrefnigabb pn^^of of the id the tjnciion pUiw anywhere 
k probably ilmt found in on urdiaic Siiiiieriuii seal of about IfoCf! 
H. C.^ from the Roynl Oemotory at l-r.*^ As tiio pltw hero shown 
k fdready ik woH clevelopetl in rertnin nspects 03 itti df^c^dant 
of n ^ousiirLd yecura (a Cor, we intist [iw&utato for it a beg provioua 
period of 0 vein lion. The actual twghinmg^ of Llik pmeesst must go 
back lit least on far aft the fifth tuillunJUimi B, C. or even before. The 
Unik pbiifto of probkfcotic Bubylunhin dvUizatloitrC'onuuffudng arouinl 
KklO IJ, C.p perhiipa a* an mtrufiiiin from the nwrUiwftjtt^" already 
employ lid aniniat trtwitMin for wdiceJeil vchidi^^ niut ]hj^i|iiy in ngricul- 
ture alftii, altljongh thin by no riioaris nccrss^arily follows. In ancimt 

i For wm tfOm vf Ihm nioilMf |I m 

M StP IfsiKjM tn, uni ntsm. II. Th* il«jpEUf vhI 

11 Fm liili ctiJlikru t uii I mUlKlnJ tD Df, L^cji » hA ii^tU tof lb«i Um rlulluc li JUU pal niiii^ 

Ow ta l^TniTiiiimW, Tvii ^ Tl)i tvT^ rvTYii^iTf; p M Kik SA rnact pbifr* HQ. %%. J«IdI Kifnd Ontkb 
Blip, timl n^Y. n^iuijiytrvin 

Ur. K A,, TW kilisle ^ u» wUr rfrlMteiY nf Mm- nm. .Iumt. tvrnn. 

ArdiHiwj« I933p e « 
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Elgypt, for example, tJie oX’-dmwn plow long pfwciliMl wheelwl 
vflhictles, wliiic in C/hina the exact rexerso w'aa tho cajso. 

The (MLilj Mesopotammn plow’ is niofit often Altown with two 
handles or stilts, luid, save upparaiitiy in liiuul plouing,'* ilio moons 
of triutian hail prtjgresfwl fnr heyoiul tho primitioo io|ie iittnc}n?*l 
tlireotly to tlie aninmls' (mnia. In some instatn^ca, even, wb lind 
ficpictail on the seiik whaL HentiK* to ln) n trim in?di'yoke, with hows or 
loops encircling the hninuiU' tiunoftts/* There was nn slado or sob, 
hut merely a siniplo print. Tho plow-liesm was of two pieces, 
joined together and Romothnns displaying a doithbcurve shaped like 
the soimd-holcs in a violin. Ibanis of lid s sort Eur^dvo b the Near 
East to this day,*^ 

The llahyloniBn plow seems to havo undergone comparatively Jit.tle 
change in form ciiirlug the hbtoriciil period. But by tlie hitter half 
of tliu aecotiil milleuniuni B, C,, and perhnpe inticli earlier, there wnft 
aniiietiiiiK atlocljed to it a "sefdor"—an upright tub* open at bnili 
ends, through which on nttendant dropped tlio seed-oom as tlie 
ing wnent oii.“ This apparatua appears (ibo on Assyrian plows; 
tepresciitatious occur uu the wiitls of Saigon’s pabce at Khomahad 
and on tnoujumente of Scnuacherlh and Esarliatldon.'* Some what 
aimilnr features sliowii on seals are interjiretiKl os n^prosenting a nitiij 
ptiahiiill' down Uie pbw' point with a slick; but porhafis in reality 
what arc iiilenddl are "seeders." Uttb if any ovidetice exists for 
the very ewly luto of metal almres in Mesopotamb; tiiid iiidcei] it is 
imliJccly that such Wure evi'r regularly enifdoyed imyw'Iiore before 
iron cuiriD into general 

That cattle wrere liie only auimola attached lo the plow by tJio 
anebnt Babybniune seems dear, ll hu.^ burn iiASertei] tlmt on one 
vaiy early carving n man ta shown plowing with an aiitebjie; howevor 
nothing itt the way of a fdow U dcjiiritd here, and what wo Imvo is iti 
rentity a hniiting Eccrif!.’' 

arc far hotter informi'd in regard t<( ilie luirbnt Egyptian plow*, 
rtf which wo have so many ri-[}re3entatioria, from the Thirtl Dynasly 

“Pm ^ nfwnLtcFi ft muftJ In ilw dllTtirm* In Ww 

FNtjilaEi eif tin ftitltfiiOft' JniiaM ftbOKce dT a yukiL 

El 11,11^ Jtw wl j^l UjklETi HhT AkUi f»i IUST, Nsw. U|* i||A 

“Tnf ■ nmlfm Ht rt^tdcbf^rt; ri|1illt«irixii triwmjuhw tn F. W. RdkciifrilL. Hf3c. J 

\k. ftSi. 6i tJt 

« Itff jl, p m. 

iMf. |Kntit£dlkniiF Uiiii VoftkHJUjnd t\m FfLuiv^ ijl m ftmj va* iffij. wtn 

ikfMiflf Hita brtEuil tu fiitfvTm'i itimM wv tmyt m itm l/ifim 

Tfx HI tiHnjilf ftflffl II Bi«iiuBiflul ft| FMrtiaijdmki. ct. p. 't, TEu* oM I4i^ Htf en *dl 

Iht liiiliirli^ftj ij Atf^rlftftiui JIftl'TbHibv pi IJ, rrrTi, ti 3®. IPE. 

WiPt rif, |■fl. m, 133 

^ r« ptiiw Jthtin M OWM ikliiitil llu^ lopmn mlvt II C., tt WkiisiiirHttHi. 0. TIp wf trera, 

ftnijwpitfr. |k L9 

W Far Uift Hcn* l lltti mm UnimdbJ. V., Thw IMiIpi liujlfiit HLpfelUJiH dE Otm Ful w- 

iJi7 ttf IVlBialftlnrillft,, inrtl.^ U |iJ|, 11^4 p. IQl^ IHtt; ftfail Wvilp cv|i |lrL A UU. 34* Tll» frfvnln $U|i OOUltmiOil 
mV Aim nuptckifia lUi mtard Im ||h# tnie nifmrt ttiU cfflrwtEm. 
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onwiLfcl “ U cUsplu.vs m j?rinenil n more errliaie Llian t!m 

Mc^putoiJimn plow; but. like the Imtcr it ugu^llj baa two huikcb^j hi 
[ir@t very aliort, io the carlicsf^ relicfB Lbu Egypilau plow h oll^o 
iiilncbod to tlio druft aiiiRiab fiimpljr by a mpa tied Lo llnjr Uorro^i 
mid in ItKt^.r iiiiiedi^ ni miy [t^t« iu rituul traction^ ii yoke is fni^ 
qiimuiy iiWiit (%. 4). l^riicn ii doea ^irciir urLilor Lbo Obi luid 
Middle E^in^doniSt it b of tlio tmist primitivt) do^riptioo—merely a 
bar of wood laahed crosswise to the atiimnk^ boms. Aithougli horn- 
leea cattle were kiiosvtj to tlie unci ant Kgyptians the^" seem never to 
have been uao<l in jdowinp = Where in place of a rope a plow^beam 
is sliown^ it is ufiiially diort and idways Birai^bt aniJ displuya none 
of tbe ulaburaiiou i>f Babylonian oxiunples. 

The use <«f a eroag-tic of twbtcKj and donliJed Uiongs or cords, 
binding tho Iii>nm to the lower part of iUe pJoWi rn^itr tbti f>oini, 



VmVTi^ liflaaO^ E«vr 4 UJf ittuil Inelliiq llaMeilinr M ittorhlm^l *Lttnr 

iw paw, (^rt^ wiiutMD. 40)erivi^i i, tra, 


quite L-nrly. but unly bfcniiif? guicriU lowjuril tin: lip^iiining* * of tho 
IVelfUi Dynnsty; later Blil! it wim n:ji]nci:ci by ft crus^braci*, niitiaroiLtly 
of wfKKb TJiw P^'yptiatL^ scpjij te have tmiiwl tiunr plowfl will) tlint 
durtn;* mo:(tof tUo Dynastic Period;** Although then? is soinc cvidenco 
thftt they wero boginniug bi imiploy nictnl shares boforo its close.® 
Save in iritnor details, the Egyptioji plow ii[ideru'ent little evolit- 
tioo during OKI juid Nfiddle Kingdoui times. It wfts only after the 
Ilylvsos coaquest—when, incidentally, wbeoletl vEhtcleA first appcori^l 
—^t eliutjgea in the pUm- became more tnnrked. It then 
grew progressively lu’iivier and its stilts toiigcr, while (rtio tteck-yokes, 
Iicriinps nitnxliiceii from Aaiu, began to n?rdnce the arrhatc liam of 
w (KM 1 tied a th wart th c mi im als * horns.® Di some of th e later Dyii astic 

« Dp I blfd Onaiflllf (4dwi, w FMrK W, Xt. Tim lAmb 01 MaiJbifia. 

lltlnikh, FrimrtMvldvf * • * mm ToCmtemE^ a«* p. jT, iVM. 

*iJf. nnlrnnin, Aifu I'mukBM TB^ Og, 10^ lOZS’ ilo 

fwtum. f refililwfi mm, ji. 17^ IHi. 

** an affbtPtiir, «qf Ox., |i lA 

■ f!f, AnOi^naye rtih tr W, IBW, fvhifriQi Eo I h« FiCimt of SftlfflVMB. Ilie mdcwU nf U>* 4iMlil 4^ 
lUiH— 111 imt* ■ 
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Eg 3 *ptLMt plowB tUor^) iLppfiiLrs to be a teQcloac^ to Jevdop a or 
featm^ nppafpiiUj alrtuidy known in the orfla; po^bty 

ita iip]>Darnui:e in connei^i^ In somC' way witk \ho^^ rmdB 

by the ^*Sca Peopliis^^ tlieii goin^ oxu Sometliiiig wliich hafl very niwcb 
tlm look oi n coultor ^iiot neceaMurly of mctnl) aIbci apppan in jt few 
mprcs^ntatiom of ptow*^ on New' Elngcfan] monumont^^ nncl at least 
one surviving exAin]ito Ims octiiijly borji rofportoit,^ 

Itistancca of tbe use of bumriTi instead of amiuid traction in plowing 
are mro. An Eighteen tli Dynasty rcsJiof {fig. C>> shows n p!ow' of the 
iiBunJ type drawn by four yoiiths and guided by an ojilor man who is 
do^oly folio wiHl by a Tlio fomi of lUo plow linre h wrongiy 

nTprofliiced by liispsius * and by Llioiu* who havo copied him. 

We know Ultle a® yet rcgording the fir?it appearance of iho tmctiou^ 
plow' in Asia Minor. Aa we have s^wiUp Uie eantom portion of that 
area was perhaps not far xemoved fTOm tlir origintd centor ol diffuiiion. 



riduill S^~-lSerini|I ins* on 1»lli CuMl mi anpiofi^in. f rtoEn TTblmur of PteniVlttnta MklHUUD 

jiBitmi, vvti. I, r. t, iou i 


A h>fd» degree of civilization existed in the rt^on w'o^it of the Taurus 
bv tile third imliotiniujiL before our ora,*^ when tlm phiw^ w'as already 
knovrn in Eg3Tii uiiil CjT>mss That it w as utsed in Ada Minor ns early 
m it waa in tJic latter of two regiorui at lensl> wo may ri^nl as 
certain. The pejiiosiila lui^uc irutwJ in the course of time a scefizid^ 
ary aroa of di^udon. For moro det^iliNl hiformution wo shall have 
to await further ardicQlogical rcsearcli. 

It was perhaps frcun Asia Minor tiint the tracticui plow rcaphoil 
Creto* For the form used tliero dtiruig Minoati tbiios, na it k dopictoH 
in the hieroglyphic script^ showa mi roeemhliiUce to itioss onilnarily 
used dtber iii MeeiOpotamia or in Kgyjfl. Unlike i1ioi^c.v it huh a 

» C£ nuTUllr U. C.p Our iiKlj niusMlV*. imlt l> iSSL Oti lb« OChrt hM* Of fi Ar B^wliir la- 
liTuu itui Util thi mmum of ^iMianik"' l4 r IXjQ naj ti* a «j^4na£famiinft ibi a Ip i Jslw n^ O ipai 

p Tr!lor. r. M nrimiJi, r. TJitTpuib of PuJwl in Tpi.Uti.ii Htrii oi. % £|tT{i« 
nintU Ranua uiei, 

■ tUkiiiirU n^cOwilai UA Av|<tl«u Km 4 AWIduraa, Titf. li at. tan. 

m flui-LF h UjAti^)’ uf u> lae 0- pij. icM if., B)3t 
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flingic lumtUl^ witlt a Lraii0V4irso iiaud^gripi and u diividoiwd tilad& 
in one piece with tlio beam. Both ihes^' ciwnuutera tho Oelan 

plow sliATca witJi exaiuploa found in peat bi^ in northejn Europe; 
iinil it aJso t,o httve tn^en nearly relfttirtl to the predam^tcal 

Greek plow as well ne to iype^ found in Un^ eastern ^loditGrrimtiao 
urm h displays a dLstinetiy tuoro clovobpL^l alia|»e limn clo 

tho plows fihnwji in tho and Swedish peitoglyphs which Wt- 

shall <tiseuBs later^ 

Thera appeal^ to tin no cctnetiiBivo ovidonco for the ii$o of tho oi- 
drawn plow in Enropo dimug tlic Ne^jlithie porioil,** allbough soma 
form lif font [ilow waa |irotiv aurely kno^a‘f^ and ficrUaps Ininian Lrac- 
tioft was aliW employed. HowevOfi Mciiot^otamift was m coat net frum 
very early time's with tlio steppo Ittinla norllj of the maun tain zone^^ 



d^EUll? ttumui lEUitkiii la 

Ilnffitli. i^tann. Td4. I. tJ V-t 




(Pfucu TjFloe iml 


and it who ]icrliap^ in ihh way that the ideii of cinidoying imimal 
tmedon in Bgrii^ultHfo rtiaebed tlmt black enrih teginu ilcatincHl one 
day to heromo Ihe grudary of Atliona. Fnnn douthsmi Russin—or 
perhH|i» from Ah in Minor, though the latter seeing on tho whole tJic 
loss liholy boutcc— tlio use of tho ptow apmad to the Danutie VcJIoy. 
It may possibly bava appeared Lhero during tljo latter balf of the 
third ndUunnium before our ora; for atiinug ronudna of Lbe culture 
known aa Uunubian IT, which aiHstua to have arisen about that timfi, 
there bftve bean found lotgo stonv ImfdnnieaUH mtcrprttad 6a plow- 

* Fm liUrt^TpliJb iH[ipiWli1itlDFii &t Ibtk kn^eairL CcittiU] ptotr. c£ AnhUf }.x MOhil 

pii. m m (tmsfl ui^ wwi 

M chude. V. CFwdMi. Tbt tiKin* Ay*, IBaOt iiMi. Lptf. P*ui, EbUi 4 iiuni u»d v«reir*Ji)ii« om 
Fitim* D. ^ 

a ctufiitt. Tiii jLr^ACA, im 1}.-. tT/^ 
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fllinTL's.** Tln> Utitpf tLAVr ^ bitnfiged to miui-di'iiu-ti 

LmpJt’iiicnU; but in miy <^4:^ it fairly crriniii iUuL tlu^ 

Basin knew the true traotmn plow by Ihu bi^j^imiing of ilie eecund 
millcsiifiiiitn R. 

It wm parlmp^ bnth tliroiigti the Btilkiuia HJid aitlvor tliroctly front 
Asia Minor or tlirongh Crete that the uao of the ox-nlrown fjlofW 
spread to Greece- For Hesiod speaks of two lypm as hi use concuT- 
rculty in his day.** Of thesei otiOi very shiiple iii oonetructiorip may 
po«$ib!y have boen derived fmm Central Eumpe; whUe the othar, 
conflidi'mlily more develnpoi], points rather to eon tactic with Uie Aegean 
area nr pc^ihly wiiti ovim fartlior to the IluUi forms 

liAYo aingto liantlli^ md also sktdesr knt u)i]iarcnt]y not rnetjd shares- 



r mr ^|i^V, | 3 |. iE4 je-|tfjpU^ bf ^ h«iPifri li 


Our earliest knowledge of the mieient Greek plow owe ulinost cn- 
tiroly to llouior and Ucakjd, mid, a titile tatsr, to Uio vase pulnieffl 
(%. 7). 

Ijt Iliilj there tioenin to have bum. little in the way of true ngfietil- 
ture during Neulithir tiiiies.* *" Kot until the Bmus&c Age h the trac- 
tion*pluw ronikl there. Perinips it was introdueecl by the Tt^rre- 
mirre penpto—i>r» Bandnll Maclvffi^a *Troto-ltaIieP^—Invaiiers from 
the xiortlkcast who iippcared in U[^per Italy sonicwheif) liround 17iW 
It. C., hrijtiding with Uiem n highly Jovaloped agiietiJturc,^ Out 
earliest eoiicreto evitlenca for the plow in the peninsula is probably 
tbnl fouiiil in nertabi rock lira wings in ilia ligurhui Alp»” These 
are generally lieliaviHl to rUto from tlie socond mUlmiuium lieforis our 

u n^qfiuiltitt Lht Imm^lventeDMlFt?, iiihOTJHiiIlj dUrlriM bnOi huF-Aseb: EmoiM. vbljilH ftpitiiif bi UmUbf^Diil 
lip d. lltillfIftH i4 a ITTi Ob d «!un+ |,l4Uuhkq4:) tl ^ ft*Jul 

fc n 0. 

* Md fi|i 4 :^- 4 iik 

M llADiUili Italy txihf i iJJi H. Il« 

p Maiaraei aa*iua, y|i. rit, 14s la 

rwab bemuFJt «C ilJiWh ■*« OcirkaL Mi C.| ttac^ iWtIdigi Ai Itia tailiA Jkl]fK 4i[iU<|ul:t7, yuL % 
pp. IM-iSt. IdU. 
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emi—ihniTig: th^ poriuH^ ihal is to &^ly, wIipjj tUo Iritliicm^e of T.ho Torre- 
inMicoU was inAkloir il^U foJt So nortlieni It sooros unlikely 

itiBt ihe^ liLivo been the himfliwark of die 

Litres j ivliom PobiJonJua d«^ril)Ufi iu Lho first centmy IV C* us *‘wilii 
!j,uiitHLrLi!A, ufiiu»^t igiitirunl of ugriciiUnte/' 

The plow fi]i«»wn hero uuri co/ii|iD4^ed of iwo piceed, rt eonititneil 
hniidle oihI pomi ttnd it beam. So for m uur evidetioe Um wns 
tiie only fu rni i ii Uiie in 1 taJy fi ir ijovenil eentur11 w ua ti ppon-ii Lly 
nor until the cnrlier hulf of tlie first mifiemiimn B. il- that there wii^s 
intrudiieed im Impn^vetl foriiti having a sjaite^ mid coniparubio Id other 
nispocts a1.so to tim more dovelnppil type mctido-mkl by llcsiod-*® Its 
lirnvs] iu. the |:n!iilogijiA wtis pretty surely conuuetiHl with the niovciK 
tnolxU which led to the solllcineiBt uf (iio l^tniEcitos uortbwest uf liio 
Tiber anti of thtJ Gn^cs iii Magna Oruecia. 

During the Romiin period ngrieuLluml hnplunicnt^ of all khuh^ 
underwent a iiinrked clcvdopniiuit. ^Vitioug the new devices thei] 
uiioptrtl teem to havti been niciuld-hoiiriUr » wbeeled forecamsigCH and 
depnitely ibe coulter*^ ^riu^o iniprovejnents were pcrliupsrii the wart 
not alone of tlie poaplt^ oi iNxly but also of Home of those dwelling 
beyoud the Alps. In my ease* they w ore difTuHetl over a large part of 
w^ieni utul cuiitnd Murofui^ where their oviileaccifl are vh^thle through¬ 
out tbil Middle Agi^ tmd Dvm down lo our own thui* (r/* pL 1). 

TUiil Llie [HatpU^ of the Ilseriun Fenkiriuhi Imd llte trHCliiia plow 
before the Huinun ucrupuLiun is errfoin; but as to the dniu of itft firr^t 
ttpjmuriinco there we urn ^|nile in the dark, li may have been iniro- 
dneod thoro during t he Celtic mvadons/^ or, eveii earlierp front northern 
lialy^ 1 n 3tween which \md Spain we know tliat thcro wore eernfacta* 
The CdUbpriatts hod a two-picco plow wtiiiout a sludo and in general 
rt^iinihUug that, sliown in Iho ligurimi fKitroplyphs;® wldto aoiue of the 
more andiaie S])uniali and PorLugneiic plows used dowm to rocont 
limes roe^Ul fomis found in cenlrul und even easlem Eiin.>|>u^ I'lte 
<in?4»kft and CurlhaiginiiiUH can of imurtrc scjuwly liavo fadlcd Ut bring 
witli I [icni improved MeiUlon'uncnn (yiuv^ 

llugorulhtg t hr im-su ncc of ihe plow hi Xnh h Africa ^ west of Egy|n) 
l>efon- (he former half of the first niiHi^nniiim B. C.> onr knowlcftge 
is alight. In early hiFtoritrsil times the Libyans tsoeni on the wliole 
to have Ijoen piurloriJyol (hey grow eoreals in the lime of ileruoptuia, 
lute iit tho tliirlL'enlh i.cniury Ih ^Uiioug tin? nnxlerih BiirberH 

^ 'Ilia lum MMtiin IJi tiBlTiJ htixt\ llhi rjrrrttiSituTf nf llif^ CifrULlU uaUuUL j MitMipf tihtft |;i 3 UttOid'j 

K TOt 

UuuilJtfiMuli 0. W. n» Aa^kut im^Uuiv. AtlUjilitr. (L p at. LttL 
V Firt 4 tir^f irFir:;vu4oTfiCr tbm m lOa? rtlnl^r to Sfiiiln^ hk Kofi. Ouen^ Tbd oOirlti JuJtll, iLl[t|» 
?ol 1^. a twlm, UWff. 

r<ir a rr |,>r^DtHaoiv nf ■ I'^IOtKruuk |idnir oa Kcvniu OwTiubiBTi-iUivIko^ tlitX* 4ci vol\ 

II. Jvi. fl£- lll- 

^ I'AJiiEir An^ 1|EU>, thI. 1, a K. « 

** ni(«. Ooc. p.-oc* Ibu 
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thcro iiiia he<^n tioi^ an af^TicaltunU wmplex, iiiipttrewtly t»r *jrcat 
Ilgo^ incliidinpr uJoog wiib mfitiy tjiagi^ul pructifos tlic ij^ of the 
ox-ilrfLvni plow, rop^trdcd m fiAerod," Agriculturo so North Afri(?a 
muAt havo r<?t* 4 ^iyfHl a atjniultuis from iLo jilntiilog of Ui** Pljooni-^ 
cion find Grouk :ilong the littorjil. Thv CarthugimaOA in 

pftrLiculiif dtnvdoptHl il to n very lii^h piudu ns wi* an; toid hy more 
tlian onfi rnicwnt writpr; CoJiUHclIrtp for c^camplo^ in (Jie iif^t mitxiry 
A. D-, «vqn ™I1 b Ma^ “tlw fetbor of hiisbjiodry/^^ 

It was most probably litirin^f the La to Uronxo Ajto ttmi the ox-drawn 
plow roaebed 'wrcst-cni EtirojHs —my snniewhere amimd the l>e^Din{it 
of the liret niilliininiutEi B, C, During tiie aiuno [Kiriod or very fleriy 
in the Iron it ^ms to finvc H]ifKTaiy4l in I^ritlii□ ;“ idthoiifd^ 3a>mo 
hjivfl duvtbtrd its arrival there Wdoro the Rcmxiuj coiiquMt m the firwt 
conliiry A. That tlie enrliaat British fdnw reacnitdid thmt aliown 
in tlio Ligurian potrpglyphs eeams liknly, while nllimate derivation 
from the Danube basin hardly edinit^ of n diiiiht. Afu?r the S&xuti 
conqucsl the older and lightcT Celtic plow was in a menBuro dis]>luce4 
by a heavier onoj drawn by os many as four yoke of oxen—a type? 
perl Hips devised in South Germany »iijring the aariy centurits of our 
em.® 

TJie same fenn of plow ns that fhi^t found m rinrthen) luly and 
in dl jikidihood in wesleni Eun>f>e ubo frnebed Uic Baltic ereu.^ An 
ftTtide has recently api>eared isiuieTtaking to prove, through a rw>rt 
to pollen oTialysis, that a tna^tion plow found in » [H*at*tH5g at Wullej, 
in East Fri^^tiyid, betonp to Neolithic times—accordirig to this 
author, as long ago as 3500 B. C.** This would cany ua back as far 
AS the first recorded appearanci? of tlie plow in jtneiout Sumer, mid 
soinoihiug like a miind millennium baforo tlie carlicsL prulxablc date of 
its arrivat in CcuLral Europe. The writiir of the ahovr paper funljiir 
points out that the Walle phuv is fiimlJar to ihoso »hawii nn tlio Certoaa 
dtnla and nn certain Greek vases - the implication, of oourso, being 
that the typo persisted jiractically unehanged for scuno 3,000 
during wliich it difTusod ihiell stowly Aonthward troni the Baltic to the 
Medilemirieaii. 

Any sTich liuting oa iliat daimcHl fur the WaUc plow is, un a priori 
groujiiis ajone^ moat iuiprolikubli^milcs.^ we arc prapaxod to admit 
for Uio probistcric Oenuaj^ a wholly bidepsnilnnt fneu^ of culture 
developijicnl of their own, somewhere in tho Baltie area* Moreover, 
valuiibjo as k ladlen unalyois for somo purpci&cs, any effort to catab- 

- Ottiait n. a>> fif Ifw Hit UMtwtA AMmo SlQil^ vi)L ft, pfi. Ct JI., lilt. 

Df npnua^a, I* N% i, PL la . 

■- Cv*m, E- Cftdl, I^rtcdltfni bt ntllAjnH Aialtfciarp U ts IldT. 

" Fima Ua^kl /.i r.Ktif iMpt In ttetana p 1A 

M ctCarvftii, lue. oii., AiiUqiaar. tbU i, p[> ^ a., no:. 

" JacKPlT-rr^m, Pt i 04 IHwa tiScq dtr WidU iNUur rd lU. |>f;. lO'SI. ItlH. 

Jj£iaiT| lflgcknki£i3 irim ^tr^vnitKi iitr:«:u Ciiaii tuDaniB^ ia UimsftO). 

Ul>Fi>ljED4i r«TittiftiiAHAvilT9 TUMh, T^. 41, Na L, l-tlL tm-my rnltmtii/b tn tht tiUir 
|«lw{ 4 1 &£& h^N*^ Co Uv «dtliir Qhl * 
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tish by tbat mothod alone ilio Bg« of iiitriiiave objeeUt (perticutariy 
heavy ones} found in peat-bogs ISj, U* say tlie least, estrenidiy ha^ 
ordmis. Finally, tbe Welle plow ineenia middy constmeted rather 
tlum truly priroitjvo in fomt—which is by no luciuia iho same thing. 
Wo shall necHl much mom convincing cvidtmco than any ns yet 
iMlduccil before wa can accept the north of Europe, whether bi the 
fourth millctitiiurn B, C. or at any oUmr time* os tlio hirthplftci' of 
the trurtioti plow. 

That the latter was hnowii, however, in the Baltic area during Unf 
Bronze Ago or. at latest, early in that of Iron ia carlain. I>epiet4jJ in 
die w'dl-knovn rock-drawings of Bohndan, in S4iuthorn Swctlen, are 
plows of twfI ty pea. One (pl.2, lig. 1), 0 f two pieces only, is closely r 

to till' form shown in the Ligiuiun [mtro^rlyphs, The ntiier is like it 
vavo for tlic addition of a third, membfir in the shape of ft cross-briice 
iileutical in function to tlmt found in the later flynaatio Egyptian 
ptown. 

One writer cgllH these Swedisli petroglyphfl "inoonteslahly of Uio 
Early Bixnwo Ago."" Other* regard them as Lclouging to the Mid¬ 
dle Bronze Age. Sophus MolJer aaya taondy Uiat tliey are 'Vcntiirics 
later*' than ilieir Idgurian analog^ues,^ The sante echalar, wliilu dis- 
Ouaring a plow found in a bog at D^trop, in Jutland,** strikingly 
like llio idraplcr of the two tyiHss seen at Bohuslan, Btates that it is 
dtlier of thu Late Brouzo Ago or early in that of Inin.^ In any case 
it oeeuis dear that Uio oi-drawn plow was known In. Sweden by the 
middle of tlie first luUleunlutn B, C. or possibly u few centurioe 
earlior. 

The Swedish "plow-crook,” long drown by Itand arid only in com- 
paralively recent times by marcs or cows, closely resetubled the two- 
piece plow at Bohualan. Lika tlio latter, it consisted of only two 
manibeco—a TOinbined handle and point and a beam or pole.** In 
Sweden os eljwwhere, what seems to have li4?cn the ottriier metliod of 
traction, by human power, long survived side by sidv with that 
whieli depended u]ion tiic use of animals, 

'The unmistakable rfisemhtimce between the plows shown in iJje 
IJguriati and in tlie Swwiish potroglyph* is best ezplain«vl on the 
assumption of dorivatloni from a common eoiirce—almost certainly 
the v^ley of the DubuIhl 

Whether the Indus civilimtiuD hud the ox-thawn ploa* is as yot 
uurertain,” Nifftliwcatcm India was, however, in active ctmimcrcial 

a khLot.. N*iut iiDd V«ik, *01. d. o. si. itli- 

u Mnllat, Oviiilt. UiiwOOimht* ItbifOtaA, p. in. 

"'nH UMlnp pl«r b ihuvu Id IiTHIUI. Boc. Ito Oil W«d. ie«, p. 31. Or. I, Ip «n>- 

luftbn w Hi) Ih* Kt^ bf Boi^hui M QU«t cil^ In lutuiiA 1. 
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f'ojuraiinicmlion with UftbrlotiJii at a time w hcrn Ih© latter liiuJ slrcfiftj 
lonj* known tho pli>w; honc^; its rjonUynptjrnrj use in the vnlley of 
the inihifl nl leaEt possible. At sJI ovonta it wiis coinmou 

Ujcltu in VeUic timesj** emd it lippenfs io liftvo sproad over much if 
not fdl of northern lotlin bofciro Llie miildle of tl;o first milieniiiuru 

R, a 

TJie ondent tntUaji plow (%. 10 ) rcnchotl Biinnu onej sou (item 
iodio m (hnOj nnd it wius corrieil fliniiig the ejtriier mUuries of our 
eni to portions of the Lmlrx^IxiQose peninsuia otid to certain of the 
Eivsl Indian islanila^ notnbty to Java. Tho farm stjJJ ustNl m liab, 
with eLrii.i 4 ^bt hemii and ite luck even of n eross-brarc* wcaana ft» 
egpecitilly arcJiide look; wliile the Siam rsn rioe^plow betrays si.rtiti^ 
Indian aniniiioa. 

In Centrivl Aj^a not euou^i ordteoIi^eiuJ work Iuih been duno lis 
yet to provide m witti any due m to ilm date of tlie appenninroiif 
the tTftclioti plow in tliat Forms found tlmro UHbiy, how* 

ever, rcaemhlo those useil in tlie Near East—-a fact nJiidi hetokene 
contacts of some sort. Ttiesc have, of ci>ni™p been consfant dneo the 
period of MoiiiinimtidaTi expimsioii nortji anrt nortli east of the Moiin- 
tmn Zoin^. TIihI tlmy were gfUiig on far earlier is no less cerUdn. 

Comiucm wheal (ThlvVam rtiij^rf) atid haricy [Hoirffum diMkhum)^ 
rcj^fled by nio&t aiiUioHtiea as of soutliom or aoulhwestern Aalniic 
orb^, hiive twem rcjiorterl from a dto in Eu^an Turkestun protud>ly 
of the (idrd milleDnium B. C-* The Emdtviilcd Indrj*ImniaJis» per* 
haps nnee seate^l in tija aame^neml re'^oiip knew' some form of plow.** 
Coinlii]^^ down to AssjTinn Uines^ the ropresenlnLion of a tw o-bumpod 
Of ^"Baclrann'* camel no the Blank Qbclkk ol Bhalnmneser (nintlj 
century 11. C.) Tiroity clearly indicates the emtence of relations nl 
aorl witli tJie lanrls norlii nf ilie ai^d Llio lUniln ICimbp 

The ATim(i4ijiria of Arjsteus of Froeoimaaoii be tray a an intimate 
knowJedgo of Conirat Ada*'^ iKirini? tho Intter half of the sdiUi 
eentury B. C., hcjih Cyms D 4 jd Darius pn^iihCMl their eonquissta far tci 
the northeast. Quite rceeritly tliera have Ijecji founLl in Cliiiicao 
Tiirka^tuji fjin?c*k coins cd Lho i.Lirfl eealiUjy B. C,, from lIlu idngdoM of 
the Bi?s|jhortis.** Thus all in dl it ^enu* cviiiteDt that fio far m 
illtiities went, ilw tmelioFi plow might linre reached r^eittral Aaialin 
at iihnt^t iitij time liiiriiig the. flrnl iw^ miUeriniu and rnore 
before our ern. 

** C^urvlif, nid^ lR44iy tuA- I 4 a r^t ^illllmitibl: Ukftmnllifn ttn |hli mllnr I aca It^lHljLiirl [Bf, 
Frftnmta EiaAtf^b, of Yqift Ociiv^Ur. 

«• lupiitel. Eiplmkiluiu 1 a tuftHUtt, voir J, p, 4rJL llPr ifuE^I BakuiliSCi 4jiilt4 
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noArt^ ffciHinl aaDC^EADct. 
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Thin (HWHibiJity is furliipr^strcngliicjicd by tbe fuct tbai diu voriotiea 
i>f u'Luat gfnwu in CcnltutJ Asjii uiitl hvpii in Cliuw aiw idontb'nt witli 
U(oau of thtj Near East," Wliciit (7’. vuttjare witl iicrlin]ia ulso T, 
bwl readml C?liiiin l>y Lite JiiiiliUonf lim aucoml millnmuum 
H, C-, os is lehown liy tirariy coutt'iiijiorftry inseriptitHLH. The eaitic 
sadus ulso 10 liovo heuii Iriie nf hurley (ptohohly H . (fishV/niia}. T hesc 
coreuk w«ro nut, howovor, accompaiiiwl by liie traction plow, nltlmugh 
thfl Clii n'-^ of that Jay employed both horses umt bn I lochs to tlrow 
whetded votiLcIra. Tlio iifiiuJ ufjriciiltunil inipteiiicnta usetl hj' the 
pousutitiy (if the Chinese UronzA’ Ago ** were vurioiis forms of the fwt- 
plow, UBed by men workuig in pnira. So typieol wau this pruotive, 
ladceJ, lltal Uie ichwgrnph meuntiig “a jiuir*^ (of iiny sort) was formed 
of two lei —ituplemcnfai of the foot-plow duss—ilopicteil sido by jutln. 
fiirihcr, the pirtogrupli represcntitiff n single lei bccjinit! tlie doter- 
ininativo or “signilie" of n laip* clnss of cLarAoteTB ba™ig to th» witli 
ngricultorc. II sectus likely, iti the light both of muneroiiB e^Ktstlng 
eiimviilt* niitl of t'Crtutn Htatemeuts in the auciunt Chinese tests, tlial 
huiimii triircioiL ulut* was oneo widely nmployod in Eastern Asia. 

There is no iiiention of tho ox-ilmwii plow in China during the 
earlier Uistoiiml iwriwl. T'liis might he taken merely for negative 
evidencti were it tint that we find tho dolinite Hliitotncnt tluit it was 
introdiieecl *^nhoui tlie middle of the Eiiorh of the Waning Slates" 
f40a-25a B. C.>—that is to say, wjinetime in tho latler hull of tho 
fonrlh eontiuy lieforo our era.“ 

This doting is siguifteant. Eor It w'us precisely then thnt the feudal 
slate of Ch'in •"-^lomaponding roughly to llio presniil noriliwcsieni 
[imviiire of Sluitisi—^annoswl tho caetem leniiuii of both llio iwo 
great tnud-roiitca linking Cldiin witli Bie Oceident.''^ Of lliese, one 
ivns, of I'oume, thni tmversing Central Asia; while t>lm ittlicr rouiieelecl 
western Ohiua, by way of Burma, with tlie vnlloy of the Gmigns, 
Now (Tli'in was nuied not only for Iior dovotiou to war but also for 
her eneuujwgement of agricultu™ mail lior roi'cptivity tow aril now 
ideas. Stic, more than any other Chiiicso alnio of that day, would 
have hitoj likely to wel«unc anil adopt the traellou plow. 

liy wliieh of tho two routes juat incut iniH'd Unowledgo of ihe plow 
made its way to China, we inniiat. any. I’esmbly it may have spread 

“ I * GofaMiaEW KuJkUfi^ttiiJiUDl. Efllladir. Eilf liidLiktJw AMom- 
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to tho of th^ ITtiotig Ho (tlio Ydluw River) tkrough C«titrul 
Asui^ and to thutof i\w Yangtze front FtirtJiar Indiai along the sumo 
path ae tluit taken in ptclih^torie tiiTK^ by rieOp the domeaf le fcrwl, and 
other ndtitrfMileniieiiia.*^ Jo nny it Emd uppeared^ it aoema 

to Imve aproad wiltiii a timtury or two ovor moat of noriticrii and 
eentnil China proper. 

It h n.oU^w(^rtliy that when Uie nciwl i^roao for a written aymliol to 
detiota the new implcmOTit, iJie detemiimiti ve elioaen was not that in 
re^lar ttw witJi ickogriiphs having to do witJi agriculture (oee p. &45} 
hut tint chnnteicr for ]ab though iti the uiinda of the ChineBo 

acribea the aigniiicant thing aboitt tho plow was not so murii its use 
in tUIage as its scoria tion with unimaJ troetion. 

The Far Eoatom plow of today ia frc<jucntly (ultLough by no 
menne invariahly) drawn by one or aometim^ two aniniiik barnnosad 
with ropo tracer to a swingletreo pivoting on Lba end of a olKtrt and 
iLSLially miich curvcMl plow-liotini (pUf. i and 5),. Whether lids method 
of attachuieni is rmliy anrirnt in Chiuii Is unrerifiiiL; but we know 
from iho evidenco of old imiiitings that it was in use at least m far 
back aa th* twelfth rentiiry A. D" 

North of China, in Mongolia, the amlontaiy "peasant^" type of 
culture which occupied thai area during Keohlbk hod given 

place, apparently by the middle of ijia Jirst miUemiium 0. t«-> n 

pnatorul noirnadistn not unlike that found tliero today* In lliisj liie 
pliiw couhl naturally jiUy little part. In other dirertiona^-^-east, Wfstp 
and iouth—tlie spread of tlie traction plow from Cldna as a secondly 
frmter of diffttsmn went on apace. Hero tho Chinese accounts lire of 
partitular value for the light that they throw upon the workings of a 
process wldcb in the tonda of the Occident Imd gone ou largely un^ 
recording 

Thus it Wes from Chhia that the plow reacheit enstom TJliet— 
according to a late tiource* in Ute early centuries of the CJirislian Era; 
in the central and west^-ni portions of Umt countiy, as wo might 
evpeot, Indian ctuttacta oro more ajiparent. 

From tho Yengize Vidley the plow t rEkvelc^J to w hat arc mw sontti- 
rni Cliinu aiid Ficiicfa Indochina, perhaps juat tjcfure ibe c^urt- 
mcncement of our cm- Froni nortliero China^ around Lhti samn 
^leriod^ the plow rceciied southern Mondiiiria ami IConm. EUher 
from the latter eountry or tJimdly from China U was carried, about 
tlie fiftii or HiAtlj century A. D., to the Japanes^^ klamk. But l\ii*re 
it never acquired lirBl-mtc imp or tan re, \\m tiossnntry placing depend- 
enen fnthur upon linedj mattocks, and impieniiurit^ of ihp fool'^plow and 
man-drawn 

» TSa iDqnrtAaa df Iti* ''l^t-daoT* la ClUaA tM fivnr tbi moatliw wbiuli H 
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Fivim Cliina, ngjila, Uio traction plow traveled to tlio Eftst Indi^ 
Arehipela^, occupatioii of which itahared with the typo from India. 
Generally spoahing the line of demoniation hetwenn tlio tw‘o Fwldo of 
cultural influence axtonds, though with many intonMmetrBtiona, from 
eafil-ccntral Tibet southward through tiie Indochinese p^inaula^ 
thence swinging off in a Bouthfastcriy dirootion into Indonesia. 
Formoan, the Philippines, and North Bonioo riimain on tho CbineKo 
side, while Sumatra, Java, and thoir nearer neighbors fall within the 
Indian aphera. it wema to have boon only in lliii quartor of the 
globe that tlie traction plow in ita earlier career penetrated, sJboiL veiy 
alightly, Boutti of the Equator. 

Ijftt ns now summariae briefly Uie results of our inquiiy, Tlteso 
seem to malco it fairly clear tliat the traction plow appears at pro- 
gitiasivoly later dates the farther wo travel, in whatever dintoUon, 
front tlio region whore wo find the earliest indications of its two—that 
is to eay. In the ancionl Near East. Moroovor ita extension, so far as 
wo have bom able to trace it through written records, has invariably 
ticcn due to dUTuGiou—to eultura bonowin|r, never to repeated inde- 
pendent inventtao. TEierc is every reason to bolicvo that the same 
holds tnift for prehistoric times, also. These facte go a long way 
toward accounting for that efsentini unity imderlyittg the agricultural 
svstemB upon which have boon based the great civilixationa of the Old 
World” 

M Uv, iwa Kiiiitditn«tiini VMinihint a* ritHSH.!». MA. rat: •!*> ai* rwBiB 
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MISTOllICAL NOTKS ON TUK COTTON GIN 


By F, L, Lbwtw 

Cwrofur, ZKrtW^n a/ SiijUf Nxitwnai Afujiitfn 


IWillk i iibii^] 

L INTRODtjCnON 

Tho story of tlio in von lion of tho cotton gin in I7yil bj’ tbo yoitnff 
Yolo LTnivoraity gradunto, EH TVldtnoy^ luis told niony Umtiftp 
ftn<l in ih& main tboi^ ^coonntA l.liDiigli difforinf; wirtaly i>n 

tnini>r dc^tnih. As is Um caso with oltnwt every iniportant invontiemp 
okuiis have been niado that ntherfl fiian ilio real in von lor dinidd t)e 
given omlit for the di^tovery qf tho oriRiriftl idea, for tho first prac- 
ticfil maehinop or for mdly "putting It nvar** and making tlw inven¬ 
tion n Hiicresa. llio lustory of tbe inv<fiition of tiic cotton gin. w-ith 
all it baa inofint to L!ic Simtli, h no to the ustiul of oU 

onr aucci^fni inventioiis. 

l/x'fll tmditioiie concdriiing thp deiidls of iin CTont many yeiirR 
nftor it happened urn often imposailde either Uy verify or tf» dbiprovep 
iiiifi some of Lha BtorJeq ndating to Ike mvcntion and introdiicijoii of 
(lie eottou gin are in the iMime rlu^ with tlie iiniverbally told sioty nf 
Cloofgo Waehijigiim and tlie rhorry tree. 

li is not the purpose to skoteh here the life of Eli Wliiriiey or to 
retell tlio ovent^ Jenclhig- to and following his invention of the eotton 
gjij fwariiig hk name, Olmateid, Scurhoronghp Uimirnonilp 
Tompkins,^ imd liuve told this story; their rtceounts, while 

ngrvidng in Llie mmUt exhibit iiuiny diacrejmneii'^ tirw! rontmdieilens 
ivnd ffoinatinies ftirongly rqfit?<!L ^oetional bipfl* A ircent study i bow- 
over, of many of Wliitn^’s letters, of outnerouii i?xirly aoronnta of Urn 
activities in tbo South, find of several models of the gin that are stiH 
in pjisteneo^ has tliriiw^n some new light ou the iLtwwers to ii numhcf of 
ciuesdonH that have beejj asked m regiml to the origin and oj»eration 
Iff tlie Wliitney cotton gin. 

Since m™t of the publlrjiiiioni^ oxanuned urn oiit of print at ihm 
date and many of the parts of the perindicalu referre^d to are not 
even to fca? found in most of \iw lotgrr librarie?!, it- bos seemed adriaublo 
in eolleetiiig tbeao Iji^inrieal ecrapa to qnot^i directly from tlio puhHca- 
tiona instead of mei^ly ipving references to the literature conftidtJ'cL 

L Sw fi set Inf 1lwt aI HEimniJ wutkt intt^ ^ * 
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U. ELI WBTVISBY^H WTEN^T 

Owiij^ t<> the rAPmplote destruetioij of the t.riritC’ii Stutru Pjiteiit 
Offii'e bj fire on Docomber 15, IS30, (ind tho consiOJiurrit of nil 
niodeb and apedficntioDa, tho qu^^tion has IwcTi ink^d »s Ut what 
liny original apmOcations of Wliitney^s patent m<l what kind of a 
mmtd did iu^ file ^itls hia appUcation for tJwx patcint. 

Wirituay fili'tj hia ftjiplirfltion witli l-he Soemtnty uf State, Tliomaa 
Jefferson, on dime 2Q, VTM. Hi^ bnd left OiH^rgirt innnediatoly after 
signing partnmhip agriH^meut with Piiint'jKH Miller* ou May 27, 
1793, for the piirpc>i^s of conatnJctmg a mndol for the FaUmt Office ^ ns 
the law required- Ho states that he wrnt to New Haven, Cofin., for 
thtti purpose, as W could not obtain the neccssar)' rim tori ais in 
Goor^ar He writes from New Oai^en to bii? father in Wo^tboro, 
MosSh* on September 1 1,17[)3: 

1 returned to tl» N'ortiiwartl far tha p«n>«o ^ hfl^'iin^ a machine rajifte on a 
largri «aJo and oblauiJaft a paten I for thr In vqiitien. ! to ridkilctphin jwon 
after I arri™lp tiunie niyf^Lf oeqiudniad with On? lUtpp fHfCMtary to obtaii> a 
Patrat^ took wotjU of tins itepsK, anti ili* flocretaiy of Mr* iTtnerwLp agreed 

to aeiid ilm PAtciil to iou AH soob m it Oould bo inado out. So 1 Apprcluuidcd m 
dimtollr In obtAliiing the PaUmi ^ ‘ Ab §oon iw I hare j;ot a Patet4 In 

Amorka i ihaH go with the nin^biEio I nsa now tnaklngt to Georgia, whore 1 pliali 
itay » few vc^ to ace it work * * *.■ 

The prevfllencfl of ycUuw fever in PJiLladdplria ddayed finishing hk 
bnmtiOE^ iu regitrtl Ici the patent, but on October 19, 1703, ho sent a 
drawing of his entton gin to Mr. JclTcrson. lU a uiattor of safety, lo 
prevent Itfing jujticipated by anyom* oLso in tiso matter of t}je putent* 
be took the precaution to appvaf Inifom EJisur GotHirich, aldmiian 
and not ary public of tlieirity o| New Haven, who ccrrtjfies jui fallows: 

That In uiid rJly on the twenty-eighth day of October, ons tliaufiaiidp n&vea 
bumlird and oinety-threisi Eli IMiUiiey, of the County of Woreerter, In the Com¬ 
monwealth of Majpu.ehsmtti, now rvsMiBg En thla eity, pcrfvnnaHy appmurod before 
lov, tbij Aldemian and Kotiuy* and made a i^oldfin oallu That dw 
vetily K'Jicvo Uiat the eald Whitney, thr truis la vcuntor and dLfcovarer of ihu 
temcbliLp ^or gimiiDg iKrtton, a dBHrrlptloo ivberoof li beftito jmnerefl by mOp tlia 
ftuid Aldstnnan am!! Kutary , by aiy *oaJ Notorial, and that he, Xho aald Wiitnoy, 
vejiljr beUoi-a Lhwt a maehlno of eimlliu^ conetruciloit linth neref i^uno Iwn 
Of tiaed.* 

A long, citrefnlly detmlod de*icripLion, inclinling alt^'injuttTc metliodB 
of consUiictjng cert am partd, waji givnn under five ilivisiutts oorres- 
ponding to its prindpid parta, via: 1, Fraine; £, The CyUiidt*r; 
3, Tho Bnmstw'ork; ■!» The Cleamr; 5, Thi^ llopptjr*"* 

Whitney closes his dr^ription witli tlm following stnUrm^ml: 

The foregoing la a rlMripUiun of this marhlnit lor a’inrtnnlng eoltoo allydod lo Ifi a 
petiUofi of «ub&4irU4T, daii.*d PbllajilclpliLiL, Juun SOthu 1793, Aucl lodged ia tire 
oR^oe of the t^wfrjary of Stale, nil allrglog that he, tJir fxibacribpr, is tlm inventor 

* Uhl. Rrr^ wu t^pw, ItVf. 

* ^iiajjklwu n. A-. Coitan mid ratU« nil, ji iflft, iWU 
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fl{ tbn fncusklra# *hd cfcsiirei vf olitainiuf; au iiiriiport? 

in Lhe Buuu/ 

A^i^cordirjg to law » mocfol wnB reqiuml for dopo^ition in tJio Putiiiit 
OOico, imtl on Novambof It), T70a, Thomas Jdlorsoo wmt« roTrVlntiiPi^ 
lit tiv'vt Tlavijiit it3 follows: 

Q^itM^xrfOWTi, AVif. 

Bik 

Vowr tA^r of Ort. Itf ™lMinf5 a dwwtiig of ywur cottott ftiti itm waiiv^ um 
tho Mh Iwt- 'Omj only tTHiutcLt^ of thii law aow tmoompliftl iHi.li ih\j forwanijjiff 
of A *ijc4dK tt lilab beiJiiE rooolvpd, yaui pAl«iit inay bo mM.dt out and d^Jh-^iTud 4o 
you loimadlntoly. Aa iho StAto of Vlrpiiiiii of wtdcb I ini^ cjutie* ott botiMilLuld 
iiiumfiu:tufie of notton to a gmat m 1 aJaa do myidf, ujd oi» of our pnol 

ntibArmnnUiE^itali theclouUu^ Ui*o»ttonof itva I foui a (^ooAldtsrabla Jfilonlsi 

in tbo auocji^ of your lnToniloii f&r famtly u.»fc Fwmit mo^ tbi!7cforQ tiO ask 
infoimAtloa ffom you on thow jitaniJi; Has ihe mnablika been IboTonjtbJy isitd in 
the giiintDi? of qot^oA, or, la it y<rt but A manhirw tif UicmyT What qiintiUty of 
cotton Juu it deanixl op an avcrai^ vt wnyLTitJ daypt, rntd wufkt?d by tumib ami by 
hntr many Iiaiidi? Wbpl will bo thr coat of ona of lliom to be i^orkod by bandT 
Fnvomblo nuAima Uh IViese (iiLostSotul VfOPld induec me to uirf^o one of them to 
be fortvardefl Id flkliinopd for luo^ 

Wiibiog to tuaur fnii« you im tfw anbjurt^ 1 mo* flir, 

Vour nioat obedU aci^'ant 


Til jK¥iniifloM-* 


The (xirKond intetoai shown by Jofiorson proi»pt4?d Whitnoy to 
liif c|ucsiu>iis on Novombor 24, 1T03| iii Uio foUowiu{t wortlfi; 

It In uboiit a year eIucd f Ibint toTnoii my attontEon to ponniniotln)^ tbk maidiipeik 
At wbieb tirrm I wau In Uie Statoof Goctrfia- Within about ten lUya aftur iny fhat 
eoneu^tlon id tho plau^ I nuuto a email* Ibouid^ bniwErMl luode^]. Ei^rEixioiifa 
with Uiifl encuutagod mo to ui&ko one on a lorgor scaJe; but Uio e^ctrumc diffiniJly 
of pfToaciTiOfi workmcp and proper matnriAl in GconUa prevaDted my emnpkLiiof 
larger one nntU In April laat-i This, tltou^^i muoli lar^r than my 

Btw\ at t * m p*j la not ahovo otte-lbLrd aa tarp^ aa the machlncn mny bo mada wLlli 
CDAVotiicuieG. Tiie oyUndeir I« only 2 foet 2 iuobofl In lensh and m uichcs in diaot- 
eier- It It ttimed by ^aad^ and raqulhsa tho atrongth of one iimu to knep It in 
conBlaiit ixiQtloH. It Iti the atiitoti task of oiio uegro to ekan ^ (1 tueau 

p 4 >unrta aftnr It la nciwiitcd from tfjc seed), of llie mwti Wid ifotlon pnr day.* 

It ifi 0videot Uiat Whitut^y wua tlpInytHl in prepitring llto wiodfll for 
llu- l^itiuit OHko, AA till) pAtoat tilts not isaycwl luilii Mnrcb 17M- 
All of iliiu time Whilnoy wapi iti Npw llnvoiu 

It b » rxiutter of importAneo nncl of thtui mere hl^IoricAl 

iutoreat to know what tliiA model wais^ tiko^ anti exactly wlinl me- 
cliAnionl dfivicjs msro showti on it. idreiuiTr ntutcHij the United 
SiiUee Patent Oftko wm diffitjvyod by fire on December IS, 1636, 
iiiduilyig itll itiodelSt dmwingSt and epeoific'Ations of the patents 
wldeh liiid bi.M!ii Ls^iied up la Llmt time. 

iTaiUiklBm I), A,* f'Dttua cu|u» rU, p. 41I, Itnu: Wi^lwv n l.^ ■a , FtApoa on ^txrlfieSan vvt 
■ Vmpm mnw Cfiluay llm- S&t, iml- r- UA 1I*W. 

I $kmt. Jqum-BttL lod ^ A> lunMijr Lfia. - 
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But for two ftirj.iiiiiitt! ctrcuiustuuiies wo mitibt novor hiivo kjiuwn 
(be exiiet s]>ei;il1euti(UUj uiid Hiumfluf or the rnncJiiLn- 

ical fi!nliir«s aliowji in liLq originiil mihlvl, clrfiofiiteU in the httfiut' 
Ofltce oiirly Iti IVtU. During tin' lO yenrit tnitwwn t7CA ruirl tSOfij 
24 suit!* fur itifringnjiituU of jjntonl^ rights were instiLutrij in tlm 
UnitiHl Stales DistriVt Coiiri nt Siivaimaiij Gn. In t.ho suit ngatrnsl 
Arlliiir Fort niid John Pownll Q»t«roil In 181H, u copy of llio sciicdnlo 
of spocltications mid n shoot of Jniwings wore Jjkd with Urn court. 
This copy was eortinciU to by Jitinta MsdtS4Mi, Soemtiuy of Stiitc, 
April 27, lSO-1, iinil is atiU « jmrl of the court roconts at Sivvnnnnli. 
Tin: ]pii(nir« niiii tlio ilrtiMdags wore rcfinhiislicct by D, A, Tomfikins 
ill inui/ unit lign in by Cl ms. UrtiniiU in 

The othfir record tlt;s{)ribing and illnstrnting Wliitnoy'a inTeuiion 
WflS prititM! lit jDiiTS Ifilor, hut. still 9 years before the lifi' whldi 
(K'strciyoil the originnl mcniol nnil [lutotit papers. John S. Skinner, 
tlie editor of llie Atnorienn Farmer, in 1823 piihtibhed tho folio wing 
stntenionu 

WTipit W& rviocivixl tht? fgl]r:kwl;i]^ AfCd-mit uf |iii|unvoiuuiil« Timdo nn crotton 
Uy l>r. Etmlt Nwlt, iiiair TcitilHLiiLltvIti MisfltaHippi, wf? to Wm. TliiomUm, 

Ek|.* oI City fur a uf Whilntiy'n fnuii tlsu 

rate^tiki ihnt Wih iiilulili jjlnc^ Lefom cmr rt^dLn^ n c< 3 xu|ili^(n of no 

iiiip<>rUu4 n riumliliicr Jinrl erml^lc nil oj tliem to lllidurrtctAkitJ tlio untiira of tho 

IT|n>rtt;(J linilTOVCfJJi^jiUJ^ (Sac (.] 

EUiUst* HkiiiiiitT then f^vos a short df^ai'icriplion itf \Vliitnci3"^e |Hri, 
moirli dotaileicl tlmii the vt^ry fidl dvt^Tipth}i]i in the echFtlijJo (il&d 
in !80'i in Georg^ift, niul u wootl cut of Uio model in tlio Patent OiEce. 
Tills ill Lustration does noL indicai^ tbjiL fbo model woe oquipptHl wiUi 
dfcular KaivS- The “cylinder'■ Is in tJjo rnllowinji vrorda: 

Cylinder La of n'Oiiit ita furm in fMirfisctJy dH^rllji'ti by ifji ancuo, luitl It* 
iHifia may hn fmm. idx t£i nJnu Inobct Ln illaiikoLor^ and from Lwu to hvit fiKit In 
|iTti;(Lh * * \ Thu ciirfaco of th^f oyUnikir In 6 Ui;d wHI; tocthi weX in anmitur 

fnvrip which nfii At unpli it dintncice fTtiui v^di vihcjr» nm (v EuhuU n fxiUon uml to 
play froaly b tkti apace bctwcM^ii ClifiiLi- TlnialAnvif ky^i ikuOJi Wich toot It in the wtiiip 
roiv. Ill fo aiiL^T ati not to A^flniil a fKicd. tiur half n mxd to cctcr Itv Tlniifte lixslh 
nrv jiEiuio of a(hl inn] 4 driven Into the wood of tho cTy|[iidor» iho icctli, are hiclbod 
in the iuinka way^ aod in Kiiirh ^ conJinrr, that the nnglo Inclndi'd hoiwren tho 
Juid a tuai^ciit dm^n from Ihc poinl^ Into which tim hioth tii driven, wHI he 
nljiCiiJt Ei^j or dO dk-girw • * 

AocoTilinji to i*ri ael of [ums^d Mtireli 3, 1S37| llte Patent 

Offiec wrts iiutliormtl to expend SUHJ^fhkl in n^toring t!ie ttjjeeifirji- 
tions, drnwiiii^, and nioiklH of tho Immed Uy 0 )) la in ini' 

iln{ilieiit4^ of Lh^m fftnii fiio pcr^otiij po«gcaaing the originnEa. 

i 1'a4i|4ljMr 0. Am «4ifis <41, pp. I4I~IE, t$C1l. 

' nwnmi; CIW., Offlloo nEkl rfitinn Oil. NflWi, uti. I'10, +M1', Afit. I, im 

* Dt. 'nimMi WM am eopiitiijtaliahtf or ymattt nnJ wmn miMaivJ; hf TJmhuu %¥ mOrn 

lb ^Mnrtflry BOili iXitu ru>lftl]f lunwlhv Rxbuaihliabtf ot Itit ItHdJiiul fJlOot, 

» ^ i. J>e^ WO'fc]. Feb. H. JSSi. 
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Tbfi mcxlo^B dcstn^od wero about 7»000 and the rccoids coTered 
about 10(1,000 iuventiona. Tl^o work of raatorutioD coutkiucd for 13 
years, anil something over $88,000 was espeiulud out of the amount 
allowed, On page 135 of Toluiue 1 of the Roatoted Patents, there is a 
record of tho Whitney patent of March 14, 1734, entered in the book 
oD May 3, 1S41. It opens with a certificate by Janum Madison, 
Secrotaiy of State, dated Novemtmr 20, 1803, and reudiog in part as 
follows: 

I eerUfy, that Lhi: imicMd writlbgs are true eopiei of a Fateot gwited tg Ell 
VTMtDey OR Ute 14 Hi clay of MareU, ia ttio year one thoiiaasd aevm fausdred and 
ufiieiy4'our, and of the Spenlfieatloiia ajiiiuxiMt thareto, compAnkl with the Recarcl 
iherecif, and with the onguial SiteelfleaUga, temaiblng on Ale la the o(Q<«, 

Thou, after writing in a copy of tho greui of tlte peiunt, logiiod by 
Gooige Washingtonj and the certification by tlie Attorney General, 
WUlinm Bradfottl, there appeals this ponigmpli: 

TIib Mhedule Nfemd to b the«« Lethan Pateot it. toaking part of the lame, 
eoalaiDJnita daMriptluii in the wotcU of the lald Ell Wiittnsy bltaself d an improTe- 
lOBbt la the mode of QtnalDg CoUon. 

“A Short OescHpdoj) of tlie tnachinc invented by the Suhsoribor'' 
occupies part of pogo 120 and pagu 127. This is in tiie suiun wonltng 
as the *'Sbort Description" furnished to the Atnerican Farmer, by 
Wm. Thomtou in 1823.** 

D, A. Tompkins, whou publishing the detailed description takcoi 
from the reconls of lire Ofloigia Circuit Court., already reforml to,'* 
printed in ailjoiuuig columns for comparison, the "Shorl. Desciiprion" 
which ho copied from volume 1 of the Restoretl Patenta in the Patent 
0£c«. Ho called tho "Short Descriptimi'' tliu "Substituted Palont" 
and niieationod its validity because of tha following paragraph, wliicli 
on pngo 128 closeg tho "Short Description": 

Tluerc an aevani] nigdu of maklc); th« wloua jwrta cl Uib ^ 1 Dctll[ll^ wliioh 
Iagi4ticr with thvlr paridirular aliap« abU Ignuatlon on iwUited out and cxt^oincd 
lu a llt^dHjiliaii wKfi Drawing*, attoat&d tu tho act dJmilii. and lodged ia the olAn 
of ilio Secretary of StaU:. 

Tlus poragrapli oliw accompaitioa Coimmaaioiior Thornton's descrip¬ 
tion, fuiuishMl in 1323, 

On May 3,1841, there was also copied into volunie 1 of the Rrwtorcd 
Parents, on pages 85 b) 03, tho already nientionwl bug description, 
in detail, of the ^Vhitnoy Lnvontton, closing with tlie certificate of 
Elizur Goodrich, dated October 28, 1793, It fe intruduced with a 
coriiiioata by Jiuuea Mudiaon in pmctically tlm samo wording as that 
already quoted ns Lnlroduoing the wording of tho patent granted by 
Washuigtou and Uie “Siiort Doacription", hut in this case the date 
is given os Novumber 25,1S03, instead of November 2G. This detailed 

J-. oeitM tmi wntfin nfii i+na, tww. mm 

siiir>ts—ftfii—-50 • 
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UeijeripUon, copied iti toogliood into tbo tuhmxu in 1&41, is idonttcol 
with that publi^od by Tomphing from the Oeoi^a Ciimiit. Court 
rccorrls nml corttltcd by Jiimcs Mtutison on April 21 1 tS04.^* Tho 
Patent OtfiiMi record on puf^ ttS to 03, liowovcr, is pLutily tnbdodi 
**blot pattnUd,** loid tUb desoriptioti, oriiioollj for Uub rouson, seems 
never to have been referred to before. In Uio opinion of the writer, 
boih flooumonto, as restored, lue tieceesHry to complete ttie reatorerioa 
of tiie VVtutne/ patent of March 14, IT^. Whim theae two lincii- 
men to ere inketi tpgethejr, the lotar dcscriptiou and dmivings declared 
before Notary Goodrich, and aupplenxonting the eondensed ileecrip* 
tioQ fded with the patent ^mt itself, it aiU bo seen that the "several 
modes of making the various parte of this iKiuchino • * * pointcHt 

nut and explained in a description with drawings," which au puzsled 
Tompkins, am undouhtcdly tJie altoruullvea givim in Uie long deacrip* 
tiun and applied only to tl>e fomiatlou of the bmufitwark and brush 
rryliiitlsr. 

William Scarborough, of Geoigiaj in his sketch of the life of the late 
Eli Wliitnoj, publLdieci in 1832, gtrett n eleor description of the 
cylinder, the principid part of WTiitney's tnachme. He btginfl hb 
account of IVhitney's activities w'lth tlie following parogmpht 

Thu <UiliiU* wblelk tulluw ute wboUy {torlviei frum meiDOT? uuiwktfrtl lij note or 
mcixiortifulutu of any klntl; but they will tn fDimd «LbatautijiUy correct. That 
which took place anterior to May 1790. wlioo Lbu fSnt of Mr WliJiocy'c id dm wac 
put tn opcraCloJi was rlerlvcd from a much Rstceued and lamented friend,*' who 
wa* ttic family phydclaa and lattmate fiicnd of Mr. Pltincas MUlta', and that of 
Niitaiequeiil daie oeeutnat tuuler the eye, or to tlie knowkil^ of iho writer of 
this ahetoh w 

In teUing of Wlittiicy''e vcfy fitat trial model, Mr, Scarborough says: 

It cotisisted of a wooden eytlnder, similar to the barrel <ir ati or«ati, with lieat 
teeth tnaerted ht atralitht rows, betasiaH which thin alala of iron were placed form- 
ilia unttow aroovee tlirough wldch the teetli on the oyliuder could revolve tbrnby 
tearifia oB the cottoo from the need, which (Iropipcd below, 

ScttitH>mugU oontinne^ wtUi the sb»iy of Whitney’s experimcnls 
<in the Greene plautnUon, and sgnin tnctitious the dctoib of tho cyl¬ 
inder. 

Mr, Whitney pr«>o«)edo<l to the North to liave loon perfT^l iiiiMlela prepared, 
and to aeeiira Llic patent rla^tt Id tlio mnaiM of Miller and WbjUiey, which waa 
acconllnsty done. Thu eaporimemt was them renooied with difTercnl ejlindem, 
thn one with the benttoctli bdem (Uweribud, aud the oUier with tlio annular saws 
as Mr, WlilUiey so termed tlieui. tits friends, amotix the ttumber of wbetn was 
Mr. UiUhuiiac, (Polled illatoi Senator from Co&tieetUiUt), iieeiiied to be of Uw 
opitifoii that the cotton Ktiiood by tttc foraicr (tlie bent teeth] hjul a beitor apjjcar- 
anoo tlian that Rinned by the let W. The tint large gin sat in to operatioa by bone- 
powiT was acoonllnidy matJe with the bent i«ih; mvi If the writer of this sketeh 

1* TawiiklBa, D. jI., Collaasopl aAfca «ll, fp. H4-4SS, tSCL 

^^nLTiira Ai£kiillurtiS» ml. K p. dltli 
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f« not miBlnforiDDd, it Is bUJI ta cxistiiiaeu Ht Mulbnrrj Qrn««. Htil Mt. Whitney, 
himself, frmu rncelmcJoiU knowlndj^ oi eumc uiIht unknuvvTi faiiia, 

diifmitetl In the PAtont OlHee tlie motfel with the uiiuliif 

IDs last Bt4t«nient oonc!C!tTung ttio sows coutmtiictt Dr. TLoniton's 
description itnd drawing of tlie fatent Office model. 


nt. MODEIJ OF TfiK WHlTJfKV GIN 

Sc^i^ small models of tlie '"Cotton Cleaning Mactune" wdto made 
by ‘Wliitnoy liimseD. or under bis direction, before iSflO. Some of 
tbfiso modelfl a^ still in ejcistouco, and it i» tlier desire of the writer to 
record soine bits of itifortuolfoii about tbom bofora fJ^cir pedipreo 
ifl lost. 

Tlia lUMt important mod el U now eabiblted in tlio TostiJo Division 
of file United Stated ^fadoaa1 Museum (pL 2). It was de]x>sitcd by 
Ell) ^Vllltnflyf Jr., in December 1&B4 in rGsponse to a rei^ucsL from tlio 
Secretary of the Smitbsonian Institution, Span cor F. Baird. In 
trenamitting the modeJ, Mr. Wbitney wrote i 

We bsre s tnodti, tino of ft uiaiId by my (sUier • • TLore liovo beeii 

3 mod^ burnt itp jti Uw Patent Ofll« at Wa«hiiiaioii, One in 1830 Md 1 iu 
ISTO odd * ■ •. We Lave rdI to yonr iitldnH iht Model Cotton Gin 

Invoatod and nuite by my fatliQr. U- wnnld have Leon iont iMifore, bet had to he 
tepaitrd and I have been omrined to Iha hoiue by nfeert for n fow wmlu. piiauK 
hate (t put In a promlaent pMition, Enoloeed pIuH find a HttSe 1iJaKir>' of this 
iaven tfnn whloli you can tiayc pHtited or wrilteti on a card • ■ *. ft ehould 

bo of intoteat to every Soulhenior. 

Ho thus accoimfa for llircc of tltc fiv'o modola moatiunod in bis 
lettor. Dr, Edward Craig Bates, in hb Story of tho Cotton tlin, 
publiahus a inttor written him by Eli Whitney, ,fr., in ISW). 

The photograph wnl you of iho Cetton Gin te from a bidbU jttodul, lay 18 x 12, 
tiuulo under my father a direction about alnety yean aho. Them are but two 
of three rtckkls now in Kusteiwaj; one at the Siullli*)h!*a uitl Ibo one Ln tny 
pOB^i^lonr^* 


An ^crllunt uccuunt of tbe motitod of ginning cotton Ixiforo tbe 
inFfiiiilott of tlm Wliitney gin, imd « iJescripiton of W’bituny'H inven- 
tinfj and serer^ models, are given by Benjamin Leonard Covington 
Wsilffli, (Jcolugist of M lEeiaai pj)i, b 1S54 

I have had the tare f;jtporttiDlty of vxmiiLnliie oritl Baity, fu all Iti parta, an early 
inMltd of the gk aa m aiuall loile euurtntctcd nntlDr Mr. Wliitncy's direction, 
and whkh Ib now eahiktod la tho Cryatal PalMe, in New Ywk. 

The model gttews the jirogree* of the InvunHuu aa eianimiti.'d la the Ingealoua 
mind of IN author, and bb flrit tdre anmia to have brea that of etiidiag the Hat 
or OMr fTirtn the M«t), rather than that fuggested by the ms of the asw. Thn 
cylinder la tho uiodul U div ided into ihne parts; omr-third of U at tfui loft nid In 
anotd with irtout, eroohod wtret drlvmi lr, fattened at the tidre, and the rmU 
fiToughttoa n edge, as ihown Id Plate VJI, Bg. 6, Tlio liWiUii third of thn eyiludof 

^ eouiltvii AirIniAlUrUt, Itaput EBS- 

Kn«:i>fi4 hill, p. 1^ Xi. 1, Muj im. . 
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la pmvitkd with a atmllu' amwifttuaJMit flf ^rt*. »ni ilaWeticd ni In Uio firet, bui 
poliilcd w lb fic. 4, And Mm timafiidor <if tKe tyltocleT li niountod wllh Iho 
olreulnr MW rtwi. Bfniilai- to tliovo ituw in iia«.^ iSee td. 3.] 

Wailw' desctiplimt of iJiiii model, with it* tlirec kinds of teotli, Gts 
perfectly the luodol now in the National Mtiseujn^ The luodo! iiten- 
tionod hs Eli WtiUnoy. Jr., in lite Tetter to Mr. Bate® tts Wing "retained 
by mo" wofl publicly o^hibitod in 1S86 dniitig fcbe eolebration of Iho 
eimtGiiiuy of the town of Hampden, Gonn.,*“ and was ptnc^ in tlie 
MiiiKMira of the New Ilovcn Colony Historical Society by Mbt liUiza- 
betli Day Whitney, oliout 192(1, after the dealh of her fatlicr, Kli 
Wbitoeiy, 3d, where it b now. Hie writer oxaimned iJib mwlel in 
July 1637 and found it to be almost identical in duipe and aiw wHUi the 
one in tlw National Museum, except the 15 annular rows of toe lb on 
tho cylinder, which are all of wire, bent and etjafi*'puiut«l tike those 
dGscribe<l by Wailes. 

To keep tiio record stmight for fntupc investigatoi* of thb siibi wt, 
T wwli hero lo peeoftl that, eocording to a latter from i’rof, Joacpli 
Wickham Roc, "a Chinese (!opy’'of (hk model in Newllayen was made 
in 1930 tinder hb tiirectiou for tha Museum of Sciiwieo ana Indusliy 
in New York CSly. 

/^nether nuMlcl of the WutJiaj gin of tJio niuiie aise luitl mnteriab 
as the one fust d«cri1>ccl b nbo in the collection of ttie National 
Museum. This mode! was among the collection of !56|000 patent 
models plac^xl in storage by tho United States Patent OfRca m 1908 
and ilisporeed in 1926 in accordance with an Act of Congress. It was 
rotainerl for tliO National Museum by i.1ub author, along with eoTeral 
thousand modiJs <tf otlirr patonte. The modal appears! to bo of a later 
date than tlie two other aunilar modota, coiwtnictoil on tho same aeoio, 
already mentioned. It certainly waa not confitnietod by liUi Whitney, 
Sr., for it shows a mechanical ddoot that ho wwdd never have ptuieod. 
Hic crank for operating the model is attached to tho end of tho bninb 
cylinder, instead of the cylinder canying tho pn tooth, which mores 
at only ono-eixth of (he spaed of that of the brush cylinder, [n the 
Rccoid Room of the Patent Ofllco are two laige sheets of oripnol 
drawings made in 1840 which exhiliit the details of llio abovo-men- 
Uoned model, including the crank in the wrong position. It dois not 
tioero possible to tell whetliar the model was tniule from UiC drawing, or 
vice versa. 

Accerding to tlie numbering of tbe smell <letaif drawings on tho two 
ahecta, there should bo a third sheot, as Hgureii 7, 8, 9,10, 13, IS, 16, 
17, 18, orul 19, aro mbaing. Thb discrepancy was pointed out by 
Bennett in 1933.” [Sec pi. 4.1 


i* kiptvl m likQ AfTlcolUiti ud U«VlO ot D(1. U4-t404 

•« Uninpdta Chict4MT« 17^^ 

« Ikaibill. Chii.- Cciltdsl ud <W1 M, p IW AfT. \ 
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WiiAfi thu atiUiDi' nr»t row] U»» loltor ot Eli Whitiioj, Jr, stntttij; 
thiit his fethor Imi) rootle live modds of the gin before 1800, he vroti' 
(lorod wh]^ eo maiijr wore made when only one w»a tioe< 1 o<i to he filed 
w I th his oppUcatioo for a patent. A etu ily of Whitney's leiterv sii^qi^is 
a aotutran of tlio tiueeiton. 

Two soite for infrinperoont nf the patent were filod hy Miller and 
Whitney i» 1795 in tho Gcor^ Circuit Court. In Whitney's letter 
to ilia partner, ^^ille^, dated December 35, 17DS, liThitiiey wrote: 

I go to Kow Vork oooa. Aftor toy rertnm ( fthii}] «ei aUiat the emnptlfylng 
modela. ] wiiib you wouiri latotm me wl)r4i Ihi; eiUt wDt eoaie to Irfal and of 

ihii niADon YtTfi tif 

Scarborough describing a court scerio during i\m trial of ooe of the 
manj suite for ififriogomant, aDys: 

At dm irlfU whiith toolt pluw at I^ilnvUlit, Ceorgia^ Id iho FKlffoi CtnjiUt 
Ojurt, ihty wHtet of lob ^«t 4 U itm prwuit- Mr, Wtltaoy tb* Cumi 

iriib A «mftn pnckiitge^ «nvob»pod la A rilk liatKlkertUUstg wbteh U&d the iL[>|»f'jLr- 
aurv fif cofiiEiinlnp booki^ Ihb hv imroroDj d(^pg«h«l uiidi.ir Ihai ciaiirt iniiW- 
HiA laUmOhj alludicd to bdng r&Ail^ U lioft the nmildtiTiee of lidng eoti- 
«Iiulvc 1 ft Ite dTcct, Wlwm It htc&me nAmury to rebut li to Hip C^oufiT Mr,. 
Wliltcey fllaJiDDd tlia inivUcge^ wlilch was fiTfuitcc!^ of dolapf u hdne tmt 
calculAtml tn gCra the mcffliHnfral eip^ntloofr toak tiii pa^k- 

Agn from Uiukr the and oiHinliiiF the lionilkArEliJjilp ifrtmted ta riurpr an 

exqxiliitdy ti«auUfiil model of Ilia fdo ilioftt fmirtwi or Infibtsf In kingih, 

with iievHaJ li&ttEirulfl of eMd nttoo- Ho handfid botCi up to Ific Jiid^, arid 
errroAdim; out tho kHIc hoftdkmhhir to preiiOTit th* *m»p* of the Kioaod oottati* 
dodreil Uw jr^dice to lom thP onink^ whfah ho H^msd to do with great dollgtitn 
AtKl hi a vPTj fow QctiOncin th« ooUon imporntcd fmm the Ptedp ■aiEbi itmttifPtisd op 
artd proKed tojpithnr Ln tliO Itud. Mr. Wliltuoy then EjntiuJjiKl of Lbn judgo Jind 
jury if tt WS 0 not hi Ihnt the oottoo wia oxporiocl for the purposi] of mAOu- 
fmptmn olUkti- or Irriood? WHnti iMiteg Aiuciited to; he lumrlai thn 

ginned notton to tho {odge, totjimtlog him to irtfitfii awl fEWs tha eotloii aspiift 
betwocift llio pJaU, wliioli fl wo* found htipowihle to do without hreokiEia the 
iin>!lel jiJI lo plocoB. Tikiu by Ibe meet coueluai ve ocetilnr ftemonitret ion, ho 
]in>vcd to thft (ratiiifii.cUon of PTfuy one prcHutH that the mnehine niwd In f^uroptr 
roiihl have nci Port of nlfitiliy^ let ntdiie fdontlty^ with h|n Inmitiaft.'* 

U in II matt4'Tnf mvxird thAlmio of tiio roa-wnn given fij tJic StnU 
of Soutlj CairiJmti fur not paying WbiUioy tlio mm tigrthsul upoti fnr 
tbo itee of his patent tlirmighoiit ttie Stata wan tliul hi> hm] not 
dopositod two iiHidnld of liin gin os stipiihtod in the cnntrfict^ Wliit* 
niiy's partner writes tn Paul Hamilteit, Comptmller of Snxitli Carolina^ 
on Jannory ZVj 1S03: 

1 have Juit rceciv 0 d a letter fnwii Mf. Whltet^y who oqw»ly rtyt that he 
did not ptipiilMe to diUiver the modelB hy the dr»t nf SpptflLmhiirp but on the 
DOtiirary Uiat lie tefUAWt te l)« tiound by mth % eondltloi:!^ htit itial he e^rted 
to iTuike thcni iw ironn iii tho pnaminr of h\n other bimnnii would allow • • 

Whal tlmn f^Miht liavti iMn fnlrly irx|iected from on limpeetlon nf tbiw: two 
mofleUT Nnthlog mnre eirrety Ifiaa a morn nent and linndponie method of 

* jiiwr. nifi. iwt.. ¥pi. 

■O^ltliire A^todWrlO^ rph^.P-O^L. ^ 
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eotmlnictint; u well hnown nuKlifne on a prlndplo which tiM liwn hi dm for 
clghl ycsrti ttinn could bo oicptictc'd from the tnMliotdc* w'Iki nre In lint liiliJt of 
coiwtmctlTiR miM'.htnn in llio upper fioiiiitrp.** 

Wiitnoy l»t«r ilirf pf^pAt© Uie models dowfliidml, nccoidinp So 
Professor (Vlmsted; 

Two model* of i pin were alco fumlthcd t»y Mr. Whitney, e.\«egkd «o oio 
told in & most suiKrIor end miuterly manner, nmd far siirpamliiis in ewelltnicOi 
any mnohinory of the ittwi ever before aBCR; they wm of meta] uid so aleely. 
aad snlwtanUatly nuulc, tlwt it is liartl|,v puKible for tlmm to got out of order; 
and they worlted with siioh oiuw, Diat when th* hopper ol A fwriy 8nw flin wns 
nUetl with ootton, itie tabor of turning it «aa not fcroAter than that of turning 
a oomnion grindstono. The modtik were lilglily approTnl and the Leftfslatunt 
ciM not bfwilate to lio JitstJce to tli« ingenious Inventor, anoordlng to tbelr orinirtal 
agieetneul * • *.* 

Ofic of tUese models wos desoiihed by Wnilos in 1S54 ns bfting 
coiLsirvictod oil bn m>n fromc, *'vrilh 40 aowp, indns in dtnni«t«r» 
sopnruted by block I in or pewter cnatinf^.”*' EfforU Imvo been 
made Ui rJetormine whotber or not tlirso oITicial gtti modcln ore now in 
itxistotioG, but so for wnthout nuceess. 

IV. EARLY ACTIVITJI-:S OE WHITNEY IK GEOROIA 

Thero Knvo lieeii nujinu'ous olnlnis, baser! on lucol tratliiionSi Lbot 
^Vliitiisy rslnliUflborl untl openitod bis first pn nt lliifi or tlmt plnco, 
and it bss oren been doiined tiint Whitney’s onginnl workidiop hns 
been found in what waft otdled in Ida day, the "tlpiwr Country/' 
Prof. M. B. Hammond, who published many of Whitney’s letters from 
rorrospoiidonce and papers lent to hun by Eli Whitiioy, iTr,, sayft that 
Whitney did not the frreene plnntnlion nt Mulberry (Irovo 

CAcept to go to SaTftiinfth, 12 ndJes away, to procure maioriala nnd 
cotton. 

I have already ineiilloncd Scarborough'a atatcniciit that "'Tlie first 
large gin set into operiitioii by horsopowor • • * ia still in 

exiatenco at Mtillierry Grove/’*' MaJ, Knthnniid Pendleton stnterl 
that he was ono of the first pnneMris who saw Whitney’s gin when it 
was first, put in motion; that soon after 1793 '’a niaehine hmUHr was 
put up at Mulbeny Grove by Mr. Phineas Milter iiud GOvoral of 
tbwn machines were worked In it by cattle, whieli I frequently saw.” " 
The Georgia Gaiolte for March O. 179-1, printed the fottowing 
advertisemiintt 

The NiilihDTltKu- will ftiti in a DSACLiicrr c^quoi U» faitkliis Liftiui, any 

rjunaUtjr ^ tlia |cwa «?ed Ctniiou^ oc foUdwlni^ torEii^ v^j. fuf ovufy ^vd 

^ i%13Utf. fllit. roi Xp‘ 1:1107. 
h Ateir, Ji>una. Afd-p iiHl Am. thI. 31* & aSL/tcUMf? fAW- 
*< gn tJiA \of UU* 

* AcuLhrfi) Airkv llumi. rU. A r> w. AUlWl JHA 
jL .m. HU Yni. lu ^ 1% nut;. 
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panada detlivi^red liStu in iLhe bjcmkJ be? will n?tuni m\f puLinil of «kAn 
fitted for mirkot. 

For the eocoiiroip^icat of plontcjn ho will a|bd imsDlian that inootvirUM 

lo aloui tho gTOini k^lI oattqn on kilo Jiboffo lentu wiU foe ctocied In 

liilTerfitaL p&rt^ the ooimij'jr bofors tioe hsi'viiat of tho uiiiilii^ OroPi, 

PnETfBAS MiLi^en^ 

M uthw-Tif Gro^, AWr 

M4s??ii J, 1764* * 

This wnB 2 weekft beforii VVliiUioy, w|id wud dim iii Now Ihivpii, 
wiu gmitted lib ]»Lt«ut, Miilof, liia pnnt^tic p^rtiiori who had 
ftimi&litd tUo mou*y for bundiirvj tU^ invfiniiojip prooeediiri to pur- 
olm^ wnt-Df-powor and apt up Wlikiiic}^ gins itii fjftai aJ ^VLitHoy 
pould turn thctii oat from Ids iactuiy iu Now Havfsn, 

Profesaor Olwistod states that "by 1796 Miller and Whitney bad 30 
^ti3 in oiglit different places in tlie Slato of Goor^a/^** Some of 
those were mn by wnior tKJwor and others wero tuitkod by homa or 
o-xeu. 

Ftiinoaa Millcrp in a letter tci Wliitncy dated Septeirkber 28. 1797, 
says: 

Id tnkiiiji LEin la tJhn plnoc whloii i rec^ltfcd aft the FnrltisMivddp 
from DiLrko9> I Ejavo qj yot Ipt them auad lu J»y name, apoi^EryEii]; Ih my thxkki 
that they wrto iiclil la tiuat^ cm oGeoimt of auklna a le^nJ rswiiveyarce *kiould 
Jt be rsqulrcd.*^ 

Midoris rcleietiea “to Uie plnee wbicli 1 received on Lbo Partuor- 
flfiip account from Durkche" was die &ito on Upton Creek in Wilkea 
Ooimty, Ga.j whore ho locaUnt a gin oiieratcd by tlm wnter power* 
After Miliaria death in DciMTmbcr IS63| the recoTtla allow his widow 
trensferred the power site U% a company of lc>cai people who <jperaiUhi 
a spinning mill there for a few ycajs. 

Other liistctriaiis have mentioned! rartnersldp aceonnt from 
Durkce^" in tlie following <]uotiitjona itilltng of tha wiil4ir-power 
gin opemie4^l un this siwitir 

1 fod&* a fm diiya aluw, abi mileip helaw tbl» plore CWaaliiiii^tou^ Ca l to 
mf vlKt Irkwd Tjum. Tiilbut, oiiil hia tElohun nnd ham. Mr. Talbut U yeara 
old. 111 full jKidsaadoii of liii« foeiiUlenH And 1* living wliiirp Ins feptUiiil 02 ymni ngo* 
W bitnoy, tbe luvoator of lEits Cqtton C3lii| wtiJed a plemtallou Ailjofaliig him, 
Oft which he f ktiMrt'^oacof hii glut; tbii flml that wn^uyed hi Wilkes CuiliiiyiporliApA 
the firit lii Ute Ftnii^i Ht arid bii porinor I^tirkcoi ufcotcd a ^a UoaiOj oed a 
largn eottoii baiw, T|ic Utti?r to Iwhl the i^oltou Umy oEpeoitMl to trecivc ftom 
Eiiitomem Co gto • • PtiTkooi llflUinvy'* pn-tti^er^ litabig abwlpatcd lofi 

liifiltGatk VO Lo basliiew, be Hold out hiB pUce, oml the glii and <iattoa Loiue oamiiie 
inUt Uifl iKMHlan at Mr- Talbot^ bo mo^'cd thorn to bla place. The fonoer is 
liuw bis kltclica * * *# Tbi^ cotton bdiHtt- tiiokcs j| lalga otlcI oum-U3,odicuv 

_ (Juiigii G4B»«r ^ 

* riwvft4 nbt. Qamri., t«|, ps [44k SiutmEwr liltL 
H JLttafiF. Jtiiarn. Et<L Am, v«4.31, jl tttl 

A Anef Ulft, Ewt., ml. A P- OSk HVf. 
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[q tho ipuii(KilAt« oolclulxirhjtrtd of Olit Smyrna CBufcH, on ths pfopetiy wtitb 
oii» bolDiiKDd U) UMi Estate ef Goycinor Malthnw Taliwt, an oia atrufl- 

turt around wlitch cenlem * iforid o( hlitoria Lntaictt li i*m ftttuttfd by tlm 
fimuua inveiitor, Eli WWtncy. In aartclatJou vith liia part tier for ilio llroa twing, 
• man natufld Durkw; antt It waa boat to houac wliat waa pitjbaUy Hus Brat 

eottoii eln erected In tbe Slate at Georgia. 

^ CLociax Lauaa Kniorn. lUlS-J •> 


It ts an Intofnatbtg laet, tliat one of the Bret if not tha vary fl«t* 
ever oparatMl Jn GcorEla, or In the world, waa ttui one operated bj i3t WUitflflJ. 
the fatnoua laventpr. In Wllkee Couflty, near Hjuyma Chuieli- The (rtglnal 
liuDiUnB, tboogti rcniovad a «hort diataiita from the *ite upott which It wru 

crectod, i* atm alnnditrg w. Vw Bnrdett plaw near Smyrna. 

(Oria Aeinfo^a IQIT.)^ 


A corTfs^pojideiiti signing hinjaelf Small writ^ U> 

D. hBgar6, editor of Utfl SoutLein AKricultiirist, on October 22, 1SS2, 
ns follows: 

* By the itatenicii.t of Mr. "H" the flmt ope nf MUkf A Whltney'a wai 

wt completed till May ITW, wheitM In tho year IW, to my carte^ 

Mr. MUInr hail noe Ift foU DiJcTa.UoB uu Me plantatkio tm Uploti a Cnjeh. WfUces 

County. Ga. , , ,,, 

I vMted Georgia the forn part of wum; year imd after rnlluB over 

Bcveral coimHoe, 1 wont lo aee o grntlentan la (he upfief jiart of WUfcca, lo ivLino 
[ Had ktlten of lotroduelkm ■ * *- .. # « i. /,* 

Sotno rnopHur Bft*r tlili I went to an Mr. Miller e gib on Upton > Cree* (it 
aUo woDt by water) and found, upon eminfnatlon, that tho ploltlng Implufflentn 
wens etmight wire-tenth diawii Into a ■woodea eytindcTr and nCterwarda almrpunvd 
wUb a fila- They wmiM have iuuiwwhI tlw pnrpuwr tokrebly wdi could they 
have been permanfnlly bateped to the cyUmJnr. but the Iwpctui of tfm opem- 
lion wu too great for tlw aijlwUneo they were nitacbrd lo, which giving awiy, 
the (colli wcKihl fly out in Uio roldat ol the nor* and oceaiJim wriMiltkinblo trouhk 
DDtl kM af limu * * ***^ 

if Prof^aor Obistcd’s glnteutont ig true: ^‘Tbat by I7f)0 Miller 
and miitney Had 30 gitis b eiglit dilTnrvtit places in the Sta^ of 
Georgiu," it would not be surprialog for localitios oilier tliun 'V cniH- 
inpton, in Wilkes Connty, to makn clsim as tlic Ural place of opora- 
Jioii of ft Whitney jpn, 

Augusta, in BJchniond County, is one of those, ns the following 
tjuoLuUona will iadicule* 

iiuiiDg thn ]iut winter Urn writer viilK-d the «hc« Wliituny made hla 
mpprimcDte with HI* eoiton gin. Upon a iliigglah stream that la knowu aa 
Cr««k whleli flown Into the finvanmih River a tew >nUo* betew Augiiatft, G*., 
ateud* a demrted woodan mill building with its enunbllng wooden tub wheel in a 
clifcpyud wluiel prL Near by I* a brokmi dam and n cane teato which borden 
upon a swamp where iha Jong UowUi« moisi haui;a dftxiplag ficun Ui* trees- The 
■not lai Intereathi* noly u a place where WHitiwy Bude ctpniHtiumte ftnd oparated 
Ida flr-l wtteo gin. («• F. Feernii. IgflB.) " 


* luil-Uitf 14. Mufmd&lA iiUjtl vol-M- 

- OKir^ uiMi goHi, 1, p mv, 
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tl it ft fftct of no mialt iot^rett in eoirnttUoit witii tlw hUrtoi^ of AiiKtt»lft th»t 
Wbitnev luniifutiiKid hi* itiin at a LiiU« (notorf, the powisr of which wm fiirnishixl 
U 7 the ittlle noelEy Crwlt on the plonlvtifkii *( tite late Mr. Jofafr Fhtuiiyt nim 
ohnoet lueliidisd In the tmucnil bqiuodariw of tho elty. (Prom wldHH* 0 / Mayer 
JoKph CuBftmirt(i 5 on ocot^on nf Ccl 6 bFrp.tlon of Ofnteritilftl of ttw 

City of ** 

After yjij gi» WM bivent*< Wkltocy cfltAljViAMd bli maoWttcs In vstHom plBKi 
In Goor^ ffpr tlio purpoie of faiijlnff ftntl Ij^onmg cotton. One of th^o w maf 
Au^U, ftliout two mllim notiih of tlic city. Tlu' dotti ts rttll mm whJfrb liisld tbo 
to fiirtiiih powcFi tLi?a*» iaWtAo KniezoT^ 1014.)^ 

An arrangcmoiii In cluouologiwJ o-itlu-r of tlifl publi&boct 
spondortL^o of Eii Wbitn^^y And docnmtntod stAtaments of his place of 
residenr^, from the f&U of 175^2 until the middle of 1805 eKoivB plainSy 
that Eii WTiitney himself coiried on hfe activilics md axporitnentfr 
in New Havea for a few very brief periods At Mulhony GroTo, 

or whan ho wbs w'ltb law suiCA At SuYannAtK Ho ODtilil not in 

pemon ha va oorriod on tho Activities nt^butod to Jutn by loaaJ ttiid Lo¬ 
tions in nuuKsTOus localities. Theso Activities doitbtJcsA wore cArned 
on by PhinoAfi ifiUor, acting for tho firm of Miller & Whitney* until 
bis death on Dccctnher T, IS03. 

V, etlMMARV 

A mront study of some ol Eli Whitney's fOrrtHponclence with hia 
father, his partiu^r, and others; the rodiscovoTy of numerotia early 
accoiuiita of hk Activities m the Soiitb; and tho recent esoMoaiimtioii 
of several ordinal models of the gin, havo thrown &omo new light on 
the hktojT of Wliitney^s ftunons invaatinn. They indicate sevemf 
TnistakGS and rafeconceptions in documenlB hitherto belioved to bo 
correct. 

Id vlfliv of the deetniction of tho originaJ patent papers and the 
original working modul which n as filed with Whitney's appliciition 
for hh patent, it h beliFvod wortli while to riMlescribe ibnt model, 
tmd to point out that accurate copiea of tho patent and apccifications 
of tho machine are still in exktonce- 

A cart^ful eJUiMUVAtion of these docunusnfe do<s not liiscloso the 
use of gin saws, of of a cylinder built with teeUi cut in plates of metnl. 

{t is pointed out that whnt k underetocHl to be the ^'Whitney paUin t 
lA a enries of steps and dociiments which neefl to be tukeu together 
and oofiBiJaroiJ oa n whole to dotomiine jnet what was covered by 
II pnfe^nt grinted lo Ell Whitney on March 14, 1794. Theae stops 
may be nrraiiged in Uio foUo^g order; 

K First application for a patrot irucule to Tlmmos Jeflersoni Seeto- 
tary of State, June 21), 1793, 

2. Forwftrdmg of u drawing to JeITen?on^ October 10, 1793. 

« Owaji nw- gwu, m- lp- wrr. 
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3. Oi^ckratioD before tlie Nnw Uiiveo notary public, EILctir <kwd- 
ridi, Ot^^h*r 28, 1793, llmi ho, Ell Whitney, 1 »cUov<h) hitnoolf to be 
tJii» oi^nnl ini'entor of a nuidtine to sepAxato the grot-n w!«d cotton 
fftim ito 80041 s, nnd the filing' with the Dotnrj public of n dot&ilod 
(tos4iriptinn of the iiiTontinn. 

4. Tho filing of a working model of tho nmclime os raqiiostoii in 
Joffnison^s letter of NowmU>r 10, t703. 

5. Tho Gting by Whitney of u d^ciiptkin of his invention writtfm 
hi bis own words, 

6. Tho grunting of the potent signotl by Cwrge WAohingnin on 
March 14, 1794, for iiii escbisivo i%bt trj the tjed and aaJo of liu in- 
vontion for 14 yoans from Novemher 6, 1793, 

It luis Iwen ohnwn tbnt baforo tho fire of Decombor 15, 1836, ik'hcn 
tho ori^aU of all these documciitE (cx4»ipi |H)ssibly tho linst and the 
third} wore doatroyod, certitied co|hcs or dcacriptinns were filed i^o* 
where. Of tho dorumonts above menikiticd, copies of tho tliixfi and 
aivth were litod in tho Circuit Court at SavoitnaJi, Ga., in 1804; thp 
fifUi document and a drawing of tlte nunlot were puhluihod in u panodt* 
ciil in 1S23; tho tliird, fifth, tuid sixth docinmcnts were in 1S41 copioil 
lit tluf Pa tent O0lce Into the first voltmio of Rcstorcii I'atcnbi op* 
parotilly frum copice on filo in tlio Office of tile Sccrotary of State, the 
third document, however, being labeled "Kot piitontcd" tii the Patent 
Office copy. 

It has Ijccn poiui&I out tlint sovanil miHlela 4if Wliilnoy'a gin nre in 
eidstenco, that two of Ihcaci are fouii a group of five models tnado 
by WTiitnoy Jiitngelf, or tinder hia direction, before 18(Kh These two 
modciii have (joen described and minpaml with on ilJiistmtinn of tho 
o^iiial moilnt iiiudc by Whitney and filed with Ids application for 
his patent at tho timl of 1763- TJiis ilhistratjou was piihlUliiHl in 
1823, 13 ycara boforo the original model was dostioyiaf by fire. 

WTdtney'a partner, Phhioaa hlillor, ailrerttSi^d early in 1794, even 
bofom VMiiiriey was granlod his jiatent, that ho wmifd "ftigagt* to gin 
in a manner atpnd U* picking by hand, any iptiuitity of tlie green jwihI 
ootbiii, ^ntnl proiniAii'd that gins for thU purpoan would '‘actiinJlv he 
erected in difTtiront parts of tho couutiy boforo tho harvest of the 
vnauing crop.'' 

't'hts eticiigetic partner ditl cany out his prottiisi*, ami while Wliitney 
was ill New Havon, Conn., building gins fant as ho could, Miller 
soiighl out water power at pointa where tho greon itced cotton was 
being cult! I’atod. These si tea were usually purchased for th« partner-* 
ahip, hut sometimes the titles to the properties were recorded 111 his 
own tiamCj ^ oiia of hb tetunu to W'tdtney indicates. \\lLfiin 2 ycare 
he had 30 pris in operation at 8 different places in Oeonpa. iimo 
went on, rivalry developed among local points, which now claim the 
disiincticm of being | ho place where the Wliitney gin was finit operated. 
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In spitn of the stAtomcats in WJUtney's correspondfineA ttial Lie 
monte were c&rii<d on At tlm Gnwnp plantetirm, noar SatuuuiIi, Oa., 
Aitil at New Haven, Conn., two tDcnliticA in particulAr, Waabiiigtou, 
Ga., in Wilkoa Cotin ty, and iVngiista, Ga,, in Ridunond County^ hove 
been tiited as the spot wltom ^Vhitney ritade his expeiimente with hia 
ootton gin, 

A study of Whttnoy's correspotidcnco and otiior authontie docU' 
monte Goncluaivoty pmves that, w‘itfa the oxcoptJon of ft few months in 
the early part of 1793, when he was witiiout fuJids and diitwndent upon 
the hoNpitfthty of his hoateas, the widow of Oea. Nalhnniel Grflcnn, 
Whitney could not possibly have carried on wcporiiiicute in ginning cot¬ 
ton and pn bnUding at points distant from Mulborry Grove, rhincAB 
Miller’s letters, written to \tliitQoy At New Haven, appealiiig for ntore 
gina to take care of the enormous increase in the production of tlie 
green seed cotton, ate proof that Whitney did not have the time to 
cany on iniperimeutal work in upper Georgia, 
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THE WORLD'S LONGEST BRIDGE SPAN ' 



(With 4 plateul 


The trft velof BpproiipliUig San Enmcisco by fica- findfl bis ship hp-scl' 
ing far a mile-wide gap in the raflimteinciuB ebore tbie. Pasauie 
through this tuitutnl gateway, wliich In known the world over as tho 
Golden Onto, he scea before bun n great expaiiM of waUT that extent^ 
4 ()_uiiiii 3 to the Hoiithward and 30 niUefi to tJio tuirUiward. On his 
right liea tba city of San FrancUco. On hia left b manrelou* Marin 
County with ita delightful suburban communities—the gateway to 
scenic wonders «f the Redwood Empire. Before him, straight across 
aifl bay on lli« for dbLant ahofO, lie the citiija of Alameda, Oakhuid, 
and Berkeley* Directly above him b the Golden Gate Bridgei man » 
moat recent victory in bin cosnjuest of naturo's barricra to progrcaa. 

For many yaara tho feny boata have constituted the only moans of 
tnmapoTtntion between these rapidly eipanding conununitieB 
Impravement in bighwaya and increased uw of automobiles, couplod 
wiUi tho growth of the bay dtiea, brought foriJi the demand for a 
corresponiliiig inipmviimeiit in tian^iiortalicm fiwaiitle*. in 1^1* 
iuYcsiigntiO'ii!i were niada aod tJie fousibiKly of biulding a «uH|ienatoii 
bridge across the Golden Gate was eatabliahod hy Joseph B. Sira^. 
Aa n reiniit of the inovemont Uien atarled, the city and comity of Sea 
Francisco joined with 6ve counties to the north in forming tho Goldun 
Gate Bridge lUid Higliwny Dbtrjct to build and oi»mto tlio Golden 
Gate Bridge. Mr* Stnniaa wsa niado cdiiaf engineer of tho District, 
nud a bond iaaue of *35,00t),000 was voted in Noveinher 1930, Hana 
for tho bridge w-era luade by l?Dausa A Paine, Ino., and construeliun 
was started in January 1933. The bond isaun was baeotl ou a con- 
iilruction wat of 327,195,000. The bridge hue beisn completed with a 
canstniction coat aliout ono-huJf of I porccnl under that estimate*^ 

Traffic studio* bavo indicated Uiat during tho (irst year of oporaUon 
2,000,009 cara will pass over t^ie bridge and that tho vobimo of traffic 
will poasibly inercaae at the rate of about 5 percent per year during tho 
first Ifl yoais of service. The bridge has a capaoity of 5,000 wam per 

■ H Trr«">"' *T juftBtoiM), wUb lUtbt Sf Om ■new. nwm ahuiw Bmlmief uS aiDmAM, 
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hoijr^ tmd iL h Llmt this will be fully utilised by baUdtky And 

weekend Uiii&c fnuii Ihe v<^ry 

HaTing ptxsmA Uiitju^b the Gate^ our Lravolrr will now without 
doubt fix bk uttontion on the imi^iiifioont atnuoturr! under which he 
had ju&r pasdc^l. lie may baFe trrtF<iJe<l rlio world over but nowhore 
ho$ he aeon u bn(%e of ^ueh magnitudo or ^nicofuJ bouuiv. At mid-* 
span it ia 2M foot above the wuterj hi^h enough to let any aliip lUloiit 
pfwft tjoflenioatii wStJj plenty of clGuraiieo. It b a mile und 

thore ia only ono pier in the wntnn That pier hi only t^KSO foot from 
sliorv; il h 4^200 foi^t bet4¥i>rj*i the towers wtdiib pupfiort th€^ enbtes 
and which in turn support tho floor of ibc bridge* In nil bia LntvoLi 
he hiui not neon towera like these. The design givea confidence of 
strength and stabihty und at tho some time gtvea that fooling of satis- 
faction moat often inspired by atnicturoo that are arckitoctiirally 
Gorroot, An ofifCoi- ol the EbJp^ stimding beaide him, bells Idm that the 
tower tops £iro 750 feet above Llio wator. TUb two cables which pof?^ 
over tho Lop^ of tiiB iowera and end in iimasive bliKks of concrete back 
on shdro* are 3Sff indice In diameter—the loigeat bridge eitbleB ever 
made. EhcIi cable Lb 7^fi50 feet hug and contama 27^572 paraUel mreB 
about the flize of a land penciL Eighty thousand miles of wire were 
roQiiirod for the two cahlofi—enough lo encircle tho gloho more than 
tlmeo tim^ at: the Equiitor. Eacii cable has an ulriniatc tonsilc 
Bbrengtii of 200 millioii pounds. Yea, It takes a pretty good lUAchnroge 
at each end of the cahfo to witlistand tiiia pull, FuriUEiatoIy, solid 
rock WIL3 fotmd at each oath tnul big [lOckets were {iixcavaiod in this 
rock to fonn a setting for tlie concrete midiorfige blockAi cnoh of whJdi 
coutAtins 30,(K>u oiibic yurdo. You^re rights thei^ ie a triok a!>out 
fastening the cable to tljo anchorage. You see, tbo Vkir*^ of tJic cable 
ore grouped into Cl straitdaH Simie distance in front of the onchorago 
a cast steal bund b placed around the cable and between that point 
(eolied the "splay point^*) oiiil the anchorage the strojida "fim out,*' 
so tbaL at the anchorage they arc eeparoteil hy 2Ji feet or more. Eaih 
strand h them ancluired to ii pair of etee] bars which iucteiid hack Into 
ttio concrete for aWut 120 feet where iJjey ternihmte in heavy steel 
girders. 

Our friend rooilzes at a glance that tho entin^ floor structure of the 
bridge is tfuspended from tlnsso huge cablcis. lie can see at 50-fuut 
inten'sls the atoel ropw^ w^Llch hang down from tho cables and attach 
to the aLifFening trijEses. At each point of aitaciuiient there oie 
four piirte of rojjc 2^iU inches in diameter, Tlie concrete roadway 
and fudewalka are earrietl directly on this uuspeniioil sted friinaowork. 
There it liangA flke n groat hnnuiiock between Uic giant towara* How 
for will It awing sideways? That ia a fair question. 

The informative ofiicor in his frequent passing through Iho fjiato haa 
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bc(<a lisJcod all kinds of ()U 09 tioiis aboul iLb Lmusuiil etructuio mtirl is 
prcpiired wtLh all ttiu ftttswsm. 

Under the olTwt of n hroailsido wind at lOU mile# per hour, the 
bridge floor nt. tuidbjmn nuglit swing 21 feet out t4* ime aide. Since 
winds in San Francisco niroly reach half ttiia volocily and never liiive 
oAcciMled 60 loilefi ]ipr hour, it is quito probable that it will never be 
cidied upon lo witbatnntl such a strain. Yes, the floor movoe uji ond 
down too with every change in temperature and loud, A rise in 
tempersture causes the cable to lengthen and conaequontly tho sag 
incmises. Ohvioiiflly, the sag in the center span will bo docroasvd by 
loading 1 lie side spans and increased by loading tho center span. 'I’lie 
moat sevora combinations of loading and tcinperatinA will eatia* Oie 
floor of the bridgi' at rnidefiim to rise HI feet above or fall 10 fen i below 
its normal elevation. In order to flccominodate tlicee movementa 
os well fie the lengthening or shortening of the suspend wl steel atnicture, 
iteclf, special joints are provided where tho lloor of tlie flusjiendrd 
span j mnn the door that is carried directly by tho low'tr. These joints 
|)Crmit angular motion in horizontal and verltcal planes combined 
witli a longitudinal movement of 5 feet from one citrerao to the other 
and Otov lire ‘to di^igned ns to give a amootb riding surface across the 
joints tmder all conditions of histl and temiuiratitre. 

Poes the coble elide over tlie top of the toweit No! lower 

tops am pulled buck end forth by the cables under the vntying enmbi- 
iiations of tomperature and loading. Under normal cotnliitona, tlmt 
19 , with temperainm at 70“ F., and no load on the span (other than 
its own dead weight), cccti tower is bent shoreward 6 inebsa. Now, 
if tlie temperature rine? 40“ and full live loai! is applied to tho center 
span anil the far mde apnti only, the tower will be dslloctcd cbannel- 
wanl IS inchi's. If llio lomporotiire drojis 40" lielow the normiil 
temperatiiro of 70" F. and full live load w applied to Uie near side 
spcui only, tin* tower will be doflecteil shoreward 22 inches. In otljsr 
w'onls, the towora may be bent to and fm so tliiil their tops move 
through a range of 40 inches in tho longitudinal direction of the bridge, 
Li a direction transverse to the liridge, the towers would deflect 
12J{ tnehefl under the same wind load whit^h would cause a 27-foot 
deflection in tlie center 

Rncli tower roceivna from the two cahlea a total load of 123 nnllton 
pounds. The concrato piers iijmn which the atoel lowers real must 
carry tbla load plus tlie weight of the steel lower, which b 44 million 
pounds, or a total applied load of 167 iruUion pounds. The San 
FronCMco pier, allowing for huoyancy, weighs 560 million pounds, 
and therefore Qw total load oil the foundation ivhich eupporto tlie 
San Francisco pier ajul towor b 727 tuilijon jHiunds. 

In ilesigii and conatmcUnn iKe engineers were cnulronted with 
Bomo imique firnblamii^ From llm outeei the constructi^ <jt the 
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San Francisco pier wm raeogniMK] oa a maior taak. It was loontod 
1,100 foot out from Ghore b water JiaTing an ftViTftgo Unpth of 65 fool. 
The site was opposed not only to lha deatriicliTi* ocean winds and 
wavoa, but also to tidat curranta of 7 mile# per hour. The diffiniltiea 
wore midtiplied hy tha fact tl^t tiia floor of the strait was baro took 
and eouaequcntly It was difficult to anchor equipment and got a 
“too hold." The pier wotild have to have the pro tec don of 

a Tciy eubstandal fonder to guard against damage from dorolictH or 
ehips out of control. It was doeidod that this fonder would be bmlt 
os a part of the pier—a wall 27K fcot thick fonning tlio circiinifcimce 
of the pier. It was conceived that Uib wall could bo built fimt in 
small succeoGive units *o that as exposed eurfaco to tidee tncicitscd, 
the mnm of proriously placed wall would afford a comsponding m- 
crease in stability. The initial soedon could bo placed by anchoring 
to the rock a steel form about 30 feet square. Divers could piece 
forms around this frame and then the box thus formed could bo flllcd 
with concreto. The initial unit in phico, auccccding unite could bo 
built out in both diroctions, eventually endrduig tlio whole pier site. 
Tlio pier within the wall could tJien bo completed with full protection 
sgainsti tides and storms. 

This gonernt scheme was carried out with frequent adjustments in 
p] n n " in order to moot Liie conitittons. It was a baltlo botwwen mon 
and the forces cf nature. Whoa one attack failed, now tactics were 
emplnyed and finfilly the job waa done. Tlie flret opemtion in the 
hold was the excavation of the rock at the pier «to untU there was a 
bowUshapod hole about tlie sixo of a football held, witli sloping rock 
sides varying in height front 25 to 45 foot, and triUi tlie iHjttom at aij 
average depth of lOO foot below the surface of the water, ^ittiin 
this bowl Iho dicumferential fcudiv wall was built. Tlio lower course 
of the wall pTojeciod toward the made of the bowl so ss to interlock 
witli the central portion, Ttiu.*! tlio pier and feador are united into a 
from the bottom up to a poini 35 foot below the water eur- 
facfl- Above that point, the fonder wall rise* hs «i indopendout stru^ 
turo ao tiiat it olono must withstiuid any blows directed against it. 
Two years of strugjfle brought completion of this pior, hleantiiue 
the oorrespunding pier on the Mnrin side had been completed end the 
atosi tow'cr erected upon it. AnchoTages hod also boon completed in 
reoilinms for cable oonstnie tioa wMoli had lo await cumpleiion of tlio 
San Francisort tower. Tliia requited another fi mon tha , but in l iie 
meontunfl lUo contractor for tlui cnbtcs was getting averytbinfr in 
roadinssa so that there wfUild ho no delay after tlic tower was reiwly* 
At each anchorage he set up machinoiy for imrocling the wire of which 
the cables would be built. This wire was manufacturod at Trenton, 
K. J. It was shipped in coils of about 4,060 foot (401) pounds) ooeh, 
TIicho coila wexe pul onto fcda uL the "reeling plant." Each reel 


ft 


LONGEST BRIDGE HI'AN—PAlNfi 5gg 

lietd 40 uoila hit spliced togellinr mtct one contlpunijj wire LOD^OOO 
feet Alices wore nmde bj presaing ttn ullej eiee! sdeore oain 

the two emJfl wblcli wore to be joiaedr tiie entla ItaviRg flmt lieeri plAce^l 
in an hjdmiilic presa wUidi mndo them ovnl in croas oectloti fuid left 
deep cMJiTugfttwnia in their aiirfaceis. 'fhose splicoH were *50 go<Kl ttiat 
in most teetc^ the wire broke outaido the epIioOT 

Before Cfthle wire could bn nroebed it wm nc^&mutj to build "cat- 
walka" ^Lpon which the workmen could i^t.aocL TE^eeo eatw olkB were 
to wide and roucliod from audiorfign to anchnrogD j^fL^ing Mp DTcr 
the intcTYening towers anil following tho curve which die cnhlea would 
tube, but located eo Lbat they w^niild [in about S feet below them at idl 
points.. The cabwalka were aimply board widka carded by 12 wire 
rtpp^ inebee in dinmoter and epamd 1R ind^f^ iqiart. Tlimn wire 
ropoa between towers were firnctoil by faBUning one fuid ot the bnne of 
one lower and then laying the ropn dong Llie bottom of Uie Gats (o 
the other tower. It wae then bokted into position nnd fuatonod at the 
tower U\pa. Ad]uaUimnt was proTtded in tbo attacbnient of tl^e ropes 
50 they cQuld bn Icnglhimed or ehortetic<i as requirod to suit the sag of 
the cables wbich^ of couraoj varied tlie W'oigbt of tEin suspended 
Btnictnre wn^ applied. The wood ttoor of the cat walks was painted 
with Upc^resbtatit paiDi so ae to rmnimi^e the danger of fire. At 
mtervala of IbO feet a 12-foot eoedon was applicKl to a ateel frame so 
rlint It could l^e quickly removiiH] to form a firn etop» 

Essentially the ‘Spinning*' of the cablce conakts of taking high to 
of cable vriro from the reda at one anebonigo and pulling them acro^ 
to the opposite anchorage wbero they are looped over a shoe wliich in 
turn is laBtoaed to tho anchorage. Each ehoe (caUed ''atrend^hoo*^] 
is capable of holding all the wires that go to runke up one strand. 

Tho 61 alranda that miike a cable av'erage 4S2 wires ooeb. Tho 
spinning wbed assemblies wiiich shuttled biick and forth eondated of 
four ahOAVesj three of whicU always carried a bight of wire; thus ab 
wirno laid at each passage. The spinning wheds wero attiicUi?<i 
to cndle^liAulLUg ropes by means of which they were pulled olong their 
cotu^ nl the rate of ovm' 600 feet per ndnutr. Four such spuming 
tmits orero ol wajrs in opereition simultaneously spinning on four stranda 
at one time. Many daya saw l^OCK) miJos of wire placed in S hours of 
ivorking time. The four etrends during spinning woro supported in 
Eomporory position above and a httle to ooe side of tlio cabk. As each 
BOt of four strands was completedi they wera lifted one by ouo from 
tluur fipinning podtiona and pUood in their final positions in the cabloj 
pLunccl in place at the aodioragca^ and Uien adjusted acouratoly to 
iengUi by tiildng up or kttiug out at the strand shoe where s|ioctd 
moans for adjustment was provided. 

Wlien all BtrondB worn complotod tho cables wore compaeu^d by 
means of a msebino which cncm4od tJio cubic and by hydraulic pressure 
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of 4,500 iKiwidfl Ii*r B<j<jaHs inch Sfiuodstad it into a cireulur croas^twjtion 
8 C)i inches in rliamotef. Undw this prwstJKi iiiirrow stwl hanila 
ftji plied flhmit 3 feet apart to binil ilie cable together until tJio wtupping 
coulil he ftppU<Hi. I'iiiallv', the oablo is closely wmjjpwl witli fitc«‘l wire 
which holds it compact, and protcoLs It iigainsl both ftiGcliaiiitfiJ injury 
and the weal her. 

D tiring the year iwinirwi for cojmtniction nf tlie cables, the stocl 
work for tlu* su!*pcndod atmctuir' or bridge lim>r was fabricated ami 
dcJivcrtMl. Tliis Bteo! work was erected by means of traveling derricks, 
two of which slartcd from puch tower, one workbig toward tlid shore 
and the otJtcr tovvard midspan. These travelers aiinply sfclaeliwl the 
steel to the suapendora which hang from iJie imhhM at SO feet hitCTvels. 
They thus proceeded, laying tlidr own Iniek ahead of tiiemsclTes, 
The two main span IraToIm mot at ftiidspaii and tlicn each started 
Tiack towaml tin- toners aotthig tlie hundrmling, curbs, and the re¬ 
mainder of the flotir members, le4iving boldnd them a cnmpioled stee! 
stnjctiire ready to receive tlie paving, Maonthne, tho other two tniv- 
rIcib from tho shore ends also worked hack to the lowers, complpthig 
erection of tho aide spima. Addition of the coucrelo pavemeni to 
stnietiire completed it, ready for trafFic. 

TJib engiiicorB on the Oolilen Gate bridge w m ispeoaily ctmeemed 
about the safety of the ivorknien on tlio job, Acconiing to nJ] precedent 
it was fcHred timt anywhere from 6 to IS men would Iw killed in tiio 
orcetkm of (he stnictiire. The Toiy (bought that tlio cAacitiion of 
work cjillcd for by your plans may involve aiicb a toll of lives gives you 
a mighty uncomfortable feoling. Any eoncoivahio saft^mtd wiiicl> 
would reduco ihe hazard must be earncslly considers 1. Many aim pin, 
helpful incssurcs were taken, and ibe result of (Jieine ordinary pre¬ 
cautions is rclTecteii in Uu' low acjcidviu rcnvinl, .MU-r a careful study, 
the eniciiieera ihfddeH tijmu u safety measure that had never bewt 
iipjihBd on any other job. They conelmlod that ns tlio suspondstl 
structure was built out from Ujo towers, huge nets should he slrctchcil 
otrroen beneath and Busponded from this stocl work. It would l«t 
possible ao to de^dsc lids that evo]! the workmen iit tlm extreme 
forward part of tho work wopjii Iw protected by a net carried on a 
fromework cantilovorod out idicad of tho traveW. Thu net wtmltl 
cstoml for the full widtii of tlir bridge ami 10 feet beyond on oach side, 
tfpifu oanipletiuii of tba floor erection thoro W'ould be susi^ended front 
it a cfuitimirms net I JO feet wide and ft,S00 frai lung, which, lilto n 
safely not in a cirnu!, would catch men who Iijai their fotiting and save 
them from a ^p of 350 feet, into (he soa and certain cleatli, The costt 
of this net, its tuition, and RTtliAet^uent removal would be almut 
$130,000. Tho engiiii'era saiti rhia was net too jimeh to par for t,bv 
lives of tlie man who would Iw oaved. They askod tlis liriilgo District 
to ■'UHpibuto $83,000 «ul the controctexr the btdnnce. The Disirict 
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immediately eppropiinted its share and thm the eeiitractor oj^reed 
to go along, Ukewiae tlie CaUfomia State hadustrial Acddent Oom- 
miaaion was won over u. this novel safety soheme. The enpinwra 
n<jw have the aaltsfsctuin of knowing chat their insistence on the 
adoption of this safety net has reeultod in saving tJ>o lives of 19 men, 

Di 6 consecutive working il^ys, six men were caught hy tlie net. 
They uatue up Bmiting and wont right back to work. Ask these mm 
and their faniiliee whether or not this 8130,000 hos been well spenL " 
it will be of interest to noto the uuantitaos of principal materials re- 
tpiired for the inaiti structure only. They are as follows! 


Coum-te__ 

gtnietural atceU. 


Cable iteel oad •utpeatlon, ». 

fatnt __ _ _ 

Cbmaut. .... 




oubiB yards.. 30Q, 000 

-rcicioo 

-do-3S;{)00 

-Mi 000 

hatieta-, 41*0,000 


The bridge was completed ready for traffic on May 27, 1937. 
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